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STEROIDS AXD THE STIFFNESS SYNDROME 
IN GUINEA PIGS 

Br J J OLDSOV, LMJAX C \ANDOiVK, SEITVIOUR BERNSTEIN 
I 001“^ DORl M VN,* AM) Y SUBBAROW 

(rro*i the Ixdc-lc lAsho’otoTicf Dninon, imcncan Cyanamid Company, 

Pearl Hncr, Nan Yorl ) 

(Rcccnctl for publication, Tune 9, 1917) 

^^ul^x’n 'ind Bnlir- (l-I) fir^t floinon<>trilo(] tho ‘SlifTness s^ndrorni ” in 

gumc-ipig^ VinY ijiU'iidonk »nd cow orkor- (1-7) reported studirs of ilio 

mclnbolic clnni,v« rcMiltirip from the deflci* ne^\ of the fnt-soluble far tor in- 
\ohcd The I'-ol it ion of tlie actixo factor from rvw cream and cane juier 
lias been de>cnlx>d I)\ \aii Watttendonk and Wulren (8, 9) Ilowcvfr 
several in\e=tipntor' have beui unable to demon'-trafe the characU rLslu 
dcficicncv ‘~\'mptom« in fruinea pift^ (10, 11) 

U«ing .a dncr-itv of diets, we were able to produc-e d( fiea m j symptoms 
m guinea pig^ which were apparentl3' identical with 1110*^0 de'-cnlxd by tlx 
Oregon State College group Several synthetic diet^ the ct ,rn milk dx t of 
van Wagtendonk (1), and a commercial tj^po of pelleted diet, w< rr iped for 
the studj of tlii^ dcficicncv di-^ase The sjmdromc appeared tin mo t 
rapidlj and ‘=cvcrolv on the pellet diet TIils is partlj due to tlx poor 
growth and ph} sical condition of the animals fed the sjmthctic ors). mill 
diets and partly to ‘■ome property of the pellet diet which markedly mdur/ 
a severe dcficiencv Thus phenomenon maj'' be caused by the prr /f,ti jf, 
this diet of the “aiitagone^tic factor” mentioned by van Wagtendonk .md 
Wulzcn (9) 


EXPERIMENTAL 


^ The pellet diet was used m all of the experiments reported here 
composition is given in Table I The guinea pigs were obtained hon - 
ous commercial breeders and weighed from 200 to 400 gm at the sta^ ‘ ' 
aexperiment The animals vv ere housed in mdividual cages on 

and were given food and water ad lihitum 
Signs of muscle stiffness usually developed m 1 to 3 weeks dep,.. 
the age and source of the gumea pigs In fact some animals , 
leficient when we received them, mdicatmg that the previous,. ^ 

.. pry of the animals is an important factor m determming the t, . 
f^iif the disease in any given experimen 

’Present address. William R Warner and Company, Inc , New . 
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STEROIDS AND STIPFNESS SYNDROME 


The procedure used for determmuig the seventy of stiffness is the same 
as that descnbed by van Wagtendonk and Wulzen (9) The fore leg of 
the animal is extended posteriorly along the body wall, supported from 
below by the operator’s fingers, and held rigid by downward pressure on the 
olecranon process with the operator’s thumb By use of the other hand, the 
paw IS flexed upward by gentle pressure This bendin g at the wnst to a 
90° angle is accomplished \ ery easily in a normal animal With deficient 
animals, bendmg becomes more difficult and the angle to which the paw can 
be bent decreases In lery severely deficient animals, the paw will not 
bend at all 


T^ble I 

Compostiton of Basal Diet* 


Ground wheat 

lbs 

20 

" whole jellow corn 1 

15 

Feeding oat meal 

20 

Wheat bran 

5 

Soy bean oil meal (41% e\peller) 

20 

Linseed oil meal 

5 

Fish meal (60% \acuum) 

2 

Alfalfa leaf meal (dehydrated 20%) 

10 

Bone meal (steamed) 

' 1 

Limestone (feeding) 

1 

NaCl 

0 25 

Delsterol (900,000 i u Mtamin D) 

0 125 

Ascorbic acidf 

tm 

12 


* ^lanufactured bj the Denvood Mills, Denvood, Maryland 
t Each animal receu ed 20 mg of ascorbic acid orally three times a week as addi' 
tional ascorbic acid 


The 1 + to 4+ system, described m detail by van Wagtendonk and Wul- 
zen (9) , w as used to mdicate the sei erity of the stiffness A 3 + animal was 

f otmd most suited for assa 3 '^ purposes In the 3 + deficiency, the paw bends 

wath some difficulty to approximatelj'^ a 60° angle Curative tests were 
used entirelj’^ Besponses to therapy were designated ++, +, ±, or — , 
depending on whether complete, marked, very little, or no alleviation of 
the sjTnptoms occurred in the 5 day test period Onlj’ ++ or -f responses 
were regarded as positne and a supplement was considered actne when 50 
pel cent or more of the animals m a group ga^ e this response 
The compounds to be tested were dissohed in refined cottonseed oil and 
dailj do^es were gnen oralh foi 5 daj^s to test animals showong a 3 + defi- 
ciency Most compounds w ere tested at a level of 5 7 per day F inal read 
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Q STHEOIDS AND STirFN'ESS bYNDROME 

ones were found to be very potent This paper is concerned onl) with te^ 
made on pure compounds 

Of the pure compounds a'^sajcd biologically, fourteen are new tetert 
ergostanol The physical properties of tlie«e compounds which werejf 
pared by the standaid procedures aic summarized in Table II 
The biological activities of the compounds tested are presented in a 
III The individual tests aie gi\ en Tlie conliol gioups are 
indicate variations in the assaj’’ over the test penod In ad ^ 
knovm compounds tested, a sample of cn'stallmc “antistmness m < 
kindly supplied by Dr A L Caldwell, was also a‘'sa 3 'ed seiera imcas- 
served as a positn e control 

Results 

The most active compounds tested wcie found to be ergostanol^^^^ 
certam of its esteis Since ergostanjd acetate appeared to 
than the free steiol, oui attention was mainlj'' directed to thi» derna ' ^ 
On the basis of this pieliminary study of a Inige number 
tam correlations between activitj’^ and structuic w eic suggested 
more experiments will be lequired to substantiate some of t e o 
relationships (1) Sterols having the eigostanc carbon skeleton ^ 
active, smee, eg, cholestanol, stigmastanol, bile acids, , 

mactive (2) Replacement of the lij-'droxyl gioup at the 
ergostanol wath chlorme or hydiogen ga\e inactive compounds 
version of the hj^droxjl group of cigostanol dccieased the 
epiergostanol and its acetate w^ere mactiv e (4) Complete sa 
the ergostane rmg system was found to be necessaiv for maxinwin 
since ergosterol was inactive It would appear m this 
compounds of less degree of saturation in the ergostane series are e- ^ 
than ergostanol and its acetate (5) Tlie ci 3 ’stalhne 
show'ed good activit j"- in our tests While a piecise comparison ° ^ 

is difficult at this time, its activity was approximately the saj^ 
ergostanyl acetate 


DISCUSSION 

It cannot be said that any one of the puio compc 
found active is identical with the crystalline “antist 
by ^an Wagtendonk and Wulzen, smee we have not 
from a natural source and the chemical natme of t’ c 
not been revealed Howe\ei, undei oui exp-iwi 
stanjd acetate is appioximately as active as then ' 
The degree of structural specificity exhibited b}^ 
tested IS of considerable interest and has been d' 
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SUMAtAR\ 

1 \ s?\civ (loficicnrj of llip “antislifTncss” factor was produced in 
guinea pig^ fed a natural diet 

2 Of the rift\-nine ‘-(eroids te‘;ted, certain esters of ergostanol showed 
(he greale^l nctn iti 'J he relationship between structure and activity has 
been diseiissed 

3 liie prepiratioii and plnsical constants of fouiteen new^ esters of er- 
gostanol ha\e Ikxmi preM?ntcd 

t V s-iniple of the crystalline “aiitistiffness” factor isolated by van 
"Wagtendonk and Wiilrcn w as assayed and found to bo highly active 

We are indebted to Dr W T \an Wagtendonk and Dr R Wulzen, 
On'gon St ate f 'ollege, for \ cry helpful advice We aie also indebted to Dr 
A L Caldwell of Eli kilh and Company foi a sample of the cry^stalline 
"ant is( illness” factor, and to Professor E\crc(t S Wallis, Prmceton Uni- 
\cr«ity, for sjx'eimens of oi-, a,-, 'Did /3-sitosterol and oi-sitostanol 
Wo wish to thank Messrs J^ouis Brancone, William Fulmor, and Samuel 
Modes for the micro in ilyses, ind Mi Kail I Sax foi assistance in the 
preparation of «e\eral of the compounds 
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STEROIDS AND STIFFNESS SYNDROME 


ones ivere found to be veiy potent This paper is concerned only with tests 
made on pure compounds 

Of the pure compounds assayed biologically, fourteen aie new esters of 
ergostanol The physical properties of these compounds ivhich were pre- 
pared by the standard procedures aie summarized m Table II 

The biological activities of the compounds tested are presented in Table 
III The individual tests are given The contiol groups aie also listed to 
indicate vanations m the assay over the test period In addition to the 
knovTO compounds tested, a sample of crystalline “antistiffness” factor, 
kmdly supplied by Dr A L Caldwell, was also assa5’^ed several times and 
served as a positive control 


Results 

The most active compounds tested were found to be ergostanol and 
certam of its esters Smce ergostanyl acetate appeared to be more active 
than the free sterol, our attention was mamly directed to this derivative 

On the basis of this prelimmary study of a large number of steroids, cei- 
tam correlations betv een activity and structure m ere suggested Obviously 
moie experiments vnll be required to substantiate some of the followmg 
relationships (1) Sterols havmg the ergostane carbon skeleton were most 
active, smce, e g‘, cholestanol, stigmastanol, bile acids, and estrone were 
mactive (2) Replacement of the hydroxyl gioup at the C-3 position of 
ergostanol ivith chlorme or hydrogen gave mactive compounds (3) In- 
version of the hydroxyl group of ergostanol decreased the activity, smce 
epiergostanol and its acetate were mactive (4) Complete saturation of 
the ergostane rmg system was found to be necessaiy for maximum activitj'’ 
smce ergosterol vas mactive It would appear m this connection that 
compounds of less degree of saturation m the ergostane series are less active 
than ergostanol and its acetate (5) The crystallme “antistiffness” factor 
shoved good activity in our tests While a precise comparison of activit}'’ 
IS difficult at this time, its activity was approximately the same as that of 
ergostanyl acetate 


DISCUSSION 

It cannot be said that any one of the pure compounds which we have 
found active is identical vith the crystallme “antistiffness” factor isolated 
by ^ an Wagtendonk and Wulzen, smce v e have not isolated any material 
fiom a natural source and the chemical natuie of their active substance has 
not been revealed Hovevei, undei our experimental conditions, ergo- 
stanjl acetate is approximately as active as then crystallme material 
The degree of structural specificity exhibited by the series of compounds 
tested IS of considerable interest and has been discussed above 
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SUNOUnTi 

1 A ‘'C\otxi doficjcncN of the “antistiiTncss” factor was produced m 
guinea pig^ fed a natural diet 

2 Of the nfta-nme steroids tested, certain esters of crgostanol showed 
the greatest aetn it\ 1 he relat loii'^hip between structure and activity has 
been di«eus‘>ed 

3 1 lie preparation and pln^ic il coii'^tants of fouitccn new esters of er- 
go'tanol ha\e been presented 

3 V cample of the crystalline “antistitTncss” factor isolated by van 
Wagtondonk and Wulrcn was acca 3 cd and found to be highly active 

We arc indebted to Or W I \an Wagtondonk and Dr R Wulzen, 
Oregon State College, for \ crj lielpful advice Wc aie also indebted to Dr 
A L Caldwell of Eli hilly and Companj’’ for a cample of the crj'stalhne 
"anliMifTnes^'' factor, and to I’rofescor E\cictt S Waliis, Princeton Uni- 
\cr=it%, for ‘•jK'enneii'' of oj-, and /S-citosterol and oi-sitostanol 
Wc w i«h to til ink Mescr'J f ouis Branconc, William Fulmor, and Samuel 
Modc> for the mu ro ui.il\-e'«, ind Mi Karl I Sax foi assistance in the 
preparat ion of <-01 eral of t he compound*! 
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ini-: INFLUENCE OF DIEFARY PROTEIN, METHIONINE, AND 
CYSITNE ON \CCELEIUil'ED VITAIHIN C EXCRETION 

IN THE RAT 

Hr i:i GHNC ROnERTS* A^D CHARLES J SPIEGL 

{from the DcpnrttnnU of liiochcntt^lrii and Pharmacology, School of Medtetne and 
Drnlt’trn, 1 hr L nncrcitu of Rochester, Rochester, A'cw 1 orl) 

(Rerenpd for publication, Julj II, 1947) 

TIic nt doc-s not require an evogenous supplj of vitamin C for groviih 
and doc‘5 not dc\ clop ■Jciin 3 v lien kept on a s^mthetic diet for man}'^ genera- 
tion‘5 The abilitv of the rat to a3nthesi7e Mtamin C vas proved bj" the 
dcmon'^tration that scorbutic guinea pigs could be cured b3’' the feeding of 
liter from rats maintained for a long period of time on a diet free from this 
Mtamin (1) It was subsequentU •^hown (2-4) that the urinaiy evcretion 
of talamin C b\ rats could be greatly increased b3 certain organic com- 
pounds and that this excretion represented an accelerated sjmthesis of the 
Mtamin Tlic chemical dctenninations of unnar3' vitamin C xvere in 
cIoh; agreement with guinea pig assa3s performed on the same samples 
The mechanism b} whicli thc«e agents exert their action is still obscure, 
although because of their wideb differing chemical structures it is certain 
that the stimulating substances themselves do not serve as precursors of 
X itamin C Thiamine has been found to be nccessar3' for maximal response 
to these agents (5) Sodium p3Tuxate intrapentonealL’’ administered has 
been shown to enhance the response of rats to chloretone (6) 

The present experiments were undertaken as the first step in the stud3r 
of the mechanism of stimulated vitamin C excretion The effects of al- 
tering the dietar3f Icx'cl of protein on the responses to sodium phenobarbital 
and chloretone, two of the most potent stimulating agents, were studied, 
and specific effects of methionine and C3’’stine were observed under the 
dietary conditions emplox’-ed Preliminary reports of this work have 
been made (7, 8) 


EXPERIMENTAL 

The rats employed m these studies were of the Wistar stram and were 
obtained from a stock colony maintamed in this laboratory In all cases 
rats of comparable weights (200 to 280 gm ) bom on the same day or, at 
niost, within a day or tw'o of each other, were employed The mean 
w eights of the groups within each experiment were carefully matched The 

* Present address, the Barnard Free Skin and Cancer Hospital, St Louis 3, IV 
soun 
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animals -were kept m air-conditioned quarters mamtamed at 25 5° and 50 
per cent relative humidity They were housed m mdividual metabolism 
cages "designed for the separation of urme and feces and possessing outside 
feedmg cups There was mmimal contammation of the urme with food, 
feces, and drinkmg water AH surfaces with which the urme came into 
contact were covered by several coats of chemically resistant plastic paint 
The cages were cleaned daily and records were kept of weights, food mtake, 

f 

Table I 

Composition of Diels 

In addition to the diets, each animal received daily a yeast pill (0 4 gm ) and 2 
drops of propylene glycol containing 1 y of vitamin A alcohol and 10 U S P units 
of vitamin D (drisdol) The sulfur-containing ammo acids were added to Diets 7, 
8, and 9 in quantities sufficient to bnng the total sulfur supplied bj amino acids 
approMmately to that of Diet 5 The glycine added to Diet 10 supplied nitrogen 
equal to that of the sulfur ammo acids in Diets 7, 8, and 9 The supplementary 
cjstine and methionine in Diet 9 were added in the proportions reported for ca- 
sein (9) All the diets were essentially isocaloric, contaimng approximately 460 
calories per 100 gm of diet 


Composition ol diets, gm per 100 gm diet 


Component 



Diet 1 

Diet 2 

Diets 

Diet 4 

Diet 5 

Diet 6 

Diet ? 

Diet S 

Diet 9 

Diet 10 

^ Casein (Labco 


5 13 



18 45 


5 13 

5 13 

5 13 

5 13 

vitamm-free) 











achin 



5 13 

13 81 







i--tarcli 



51 30 

51 30 


I3E 

51 30 


51 30 


Glucose 


BE 


n 

7 18 

fm 




20 29 

Lard 

15 51 

15 38 

15 38 


15 38 

15 51 

13 35 

15 35 

15 35 

15 35 

Cellu flour 






2 06 




2 06 

Salt mix- 

5 13 


5 13 

5 13 

5 13 

5 13 

5 13 

5 13 

5 13 

5 13 

ture (10) 











Choline 

0 50 


0 50 

0 50 

0 50 


0 50 

0 50 

0 50 

0 50 

clilondc 











DL-Methiomnc 







0 47 


0 41 


L-Cystine 








0 38 

0 05 


GHcine 










0 24 


and urme volume Urine samples nere collected in a quantity of 12 per 
cent metapbosphonc acid adjusted so that the final concentration of the 
acid m the sample was between 4 and 6 per cent 
The essentially isocalonc diets employed in these studies (Table I) nere 
supplemented uuth chohne, xutamins A and D, and yeast In all but one 
experiment 12 gm of diet were given to each rat daily In some expen- 
ments varying quantities of ammo acids were added to the diet After a 
gmtahle pxelimmaiy penod (6 to 12 days) to insure a uniformly Ion pre- 
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c\ppnmt’n1 il Mt nnin C PNcrotion, the ‘^limulating agent, sodium phono- 
Invhitd or chloixtone, w \dmmi‘-(ciod b\ ‘^tom^ch tube or m the diet 
1 he nnim ils were u-ii ill\ f iMed for 21 to 18 houis prior to the preliminarj 
IK'riod Oce,i‘'ionil rit'-, wliicli pen-iMcd in excreting large quantities of 
till' \ilnniin prior to the uhiiiniMntion of the diiig, weic discarded It 
would be interesting to studx such aniimls ‘^epaiateK In almost every 
instniice all the food fed was consumed 

Detenirnafions of 21 hour \ it imin C excretions were made by the rapid 
indophcnol titrimctrie procedure m which an end-point of approxiraateh 
5 to 10 speond*; was uepd 1 he results were in close agiccment wath those 
obtained b\ a recent 1\ dc\ eloped colorimetric piocedure (11) Negligible 
qiiantitio of indopheriol-rcdueing sub'stanccs weie found after treatment 
with formaldclnde in acet ilc buffer it pH 4 (11) m a large number of urine 
s.imples xaning wideh in total reducing capacitx This indicates the 
absence of reductono« The quintitj of cxsteine which was found to 
interfere in the dctcimmation was considerabl} greater than the amount 
hkeh to be found in the samples studied 

Results 

Iiiflticnc/' of Do’^arje of Phcnoharhilal on Vtlamin C Excretion — In the 6rst 
experiment four groups of tliice rats each, recening 35 ml of evaporated 
milk daih , were gi\ en daih doses of 10, 20, 30, oi 10 mg of sodium pheno- 
barbital in aqueous solution b\ stomach tube The data foi the last dax-- 
of the control period and for the 10 dajs aftei the beginning of the admm- 
I'-trition of the drug ire presented in Fig 1 All of the animals were ex- 
creting minimal quant itic^^ of the xitamin prior to the feeding of the pheno- 
barbital The groups receix ing the 20, 30, and 40 mg doses gax'e a greater 
rc'pon'^e than did the gioup rcceixung the drug at the 10 mg lex'el, but there 
were no significant differences among the excretions stimulated by the 
former three quantities The 20 mg dose was chosen foi use in further 
experimentation, since it was the loxvest dose evoking the maximal response 
The gradual rise of the daily excretion of xotamin C to maximal levels is 
similar to that found by others (2-5) 

Influence of Dietary Level of Casein on Vitamin C Excretion — The results 
of an experiment m which Diets 2, 5, and 6, containing approximately 5, 
18, and 55 per cent casein, respectively, xxere fed to three groups of four 
rats each, are shoxvn in Fig 2 The rats were fasted for 48 hours after 
removal from the stock diet and then fed the evaporated milk diet for 12 
days, at xvhich time only small quantities of vitamin C were bemg excreted 
The experimental diets were then begun From the 4th day imtil the 14th 
after the beginning of the experimental diet aU of the rats were excreting 
0 2 mg or less of vitamin C per day On the 14th day (zero day m Fig 2) 
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each rat was given 20 mg of sodium phenobarbital dissolved m 0 5 ml of 
water by stomach tube 




Fig 1 Influence of dosage of phenobarbital on vitamin C excretion 

The 18 per cent casern diet (Diet 5) supported the maximal vitamin C 
excretion, the excretion of the group receivmg this diet for the 18 day ex- 
perimental penod being 122 5 mg as compared to 86 5 mg for the 55 per 
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coni ciN in diet 0')w\ u) uid 31 "i mg for llic 5 per cent diet (Diet 2) The 
axcrclion'- for iho IS ind V) per cent groups 7\crc vnlually identical for the 



DAYS 

Tig 2 Influence of dietary level of casein on vitamin C excretion of rats fed 
phenobarbital 

first 7 days, the 55 per cent group falling to values below that of thesis' 
per cent group for the remainder of the evpenmental period At no time- 
dunng the experiment did the mean values for the 5 and 18 per cent casern 
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■diets overlap and on only 1 day did the value for the 55 per cent group fail 
to be higher than the correspondmg one for the 5 per cent group From 
these results it appears that both an excess and an insufficiency of dietarj’’ 
'casem can depress the ability of the rat to excrete, and probably synthesize, 
vitamm C m response to a given quantity of stimulating agent 
The mean increases m weight for the penod of feeding the expernnental 
'diets pnor to the administration of phenobarbital were 10, 25, and 16 gm 
ior the 5, 18, and 55 per cent groups, respectively, and 18, 10, and 22 gm 
for the penod durmg which the phenobarbital v as fed Thus, there was no 
•direct correlation between the changes m weight and the excretion of vita- 
min C Smce this was found to be the case m most of the experiments, 
the changes m weight m the remammg expenments mil not be tabidated 
To check the above results the diets of the 5 per cent and 18 per cent 
casem groups were interchanged At the completion of the first expen- 
ment the rats were placed on the evaporated milk diet for 10 days For 12 
days thereafter the group previously receivmg the 5 per cent casem diet 
was given the 18 per cent diet and the one that had received the 18 per cent 
diet was placed on the 5 per cent diet v ithout the stimulating agent The 
group which had received the 55 per cent diet was given the same diet 
again The admimstration of phenobarbital vas begun on the 13th day 
and contmued for 15 days The results for the 9 days pnor to feedmg the 
phenobarbital and for 15 days after the first feeding of the drug are summa- 
‘nzed in Table II There v as a marked drop m excretion m each case when 
the rats were changed from the 18 to the 5 per cent casem regimen, while 
there was an increase when the reverse procedure vas applied There 
was a decrease m the abilit5' of the rats maintained on the 55 per cent casein 
diet to excrete vitamin C m the second experimental period This is con- 
sistent with the decrease m excretion shown by this group of anunals after 
the 7th experimental daj^ in the first penod (see Fig 1) These experi- 
ments defimtely establish the superiority of the 18 per cent casein diet in 
supportmg vitamm C excretion under our experimental conditions 
Influence of Supplementary Amino Acids on V itamm C Excretion of Rats 
Fed 5 Per Cent Casein (Diet 2) — Screemng experiments were performed 
in which lysme, phenylalanme, threonine, tryptophan, valme, histidme, 
arginine, isoleucme, leucme, methionme, and cystine were added singly to 
the 5 per cent casem diet, m order to determine whether the difference in 
the effectiveness of the 5 and 18 per cent casem diets m supportmg acceler- 
ated excretion of vitamin C could be ascribed to one or more of the con- 
stituent ammo acids Only cystme and methionine appeared to show a 
marked accelerating 6ffect on vitamin C excretion (Table III) The 
oToup of rats receivmg 100 to 200 mg of methionine daily excreted 69 S 
mg of the vitamin over a penod of 12 daj's as compared to 31 5 mg for a 
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comp^nblc control group, while the group receiving 100 to 200 mg of 
c}'stino diilj excreted 32 1 mg ns compared to 20 G mg for the 
controls for an S day period The excretion of vitamin C by the groups 
recening the sulfur-contnining amino acids w'as higher than that of the 
controls for t lie entire period during which the amino acids were fed How'- 

Tadij II 


/nffi/rricr of Ihctarti /net of Ca-^nti on \ tlamtn C Excrchon in Individual Rais 


Pal \o 

Tenod Xo 

Diet 

Tot’ll vilamlo C cicrction 

Control 9da>5 

PhcnobarbiUl, 

15 days 

s 

1 

5* 

tng 

1 1 G 

wr 

7S 7 


o 

2t 


IG 3 

13 

1 

5 

1 2 

7G 6 


o 

2 

1 0 

23 2 

17 

1 

5 

1 5 

134 7 



2 

1 4 

GO 4 

O 

1 

5 

0 9 

88 7 


2 

2 

0 7 

52 G 

9 

1 

2 

0 3 

19 3 


2 

5 

0 4 

50 7 

10 

1 

2 

0 4 

11 5 


2 

5 

0 4 

65 4 

7 

1 

2 

0 C 

49 0 


2 

5 

0 7 

54 1 

IS 

1 

2 

0 8 

31 9 


2 

5 

0 7 

90 2 

11 

1 

6t 

1 0 

64 7 


o 

G 

0 9 

48 S 

c 

1 

0 

1 8 

72 9 


2 

0 

1 2 

55 7 

15 

1 

G 

1 7 

75 0 


2 

G 

1 0 

42 3 

10 

1 

G 

1 3 

G8 7 


2 

G 

0 9 

34 2 


* 18 45 per cent casein diet 
1 5 13 per cent casein diet 
t 55 0 per cent casein diet 


ever, the maj^imal excietion was not attained foi 5 to 7 days after the first 
daily feeding of these ammo acids, although all of the rats employed had 
been receiving phenobarbital by stomach tube daily foi at least 3 weeks 
This suggests that the sulfur ammo acids are necessaiy foi some part of 
the mechanism by iihich xitamm C is synthesized m the lat, lather tlian 
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as precursors It also seems possible that the lag between the first feedmg 
of the stimulating agent and the attainment of ma\imal excretion may be 
dependent on the rate of synthesis of the enzymic mechamsms necessary 
for the synthesis of vitanun C 

Influence of Cystine and Methionine on Vitamin C Excretion When Added 
to 5 Per Gent Casein Diet {Diet 2') — ^Three groups of four rats each were fed 
(1) the IS per cent casern diet (Diet 5), (2) the 5 per cent casern diet to 
which methiomne and cystme had been added in the proportions found in 
casern (Diet 9) to brmg the ammo acid sulfur content up to that of the 18 
per cent casern diet, or (3) the 5 per cent casern diet supplemented with 
glycine (Diet 10) in quantity sufficient to furnish nitrogen equal to that in 
the supplementary ammo acids of Diet 9 Since the animals in this experi- 

Table hi 

Influence of Supplementary Kelkiontne and Cy&line on Vitamin C Excretion 


All the rate were fed 5 per cent casein (Diet 2) and had been receiving 20 mg 
of sodium phenobarbital by etomach tube dailv for at least 3 weeks prior to this 
expenment 


1 


1 Total exaeUoa of vitamm C per rat 

Supplnneat 

No of rats 






Days 1-3 

Days 4-12 | 

Days 1-12 



ms 

1 

ms ! 

ms 

None 

i 5 

7 6 

23 9 

31 5 

Methiomne 

3 

9 5 

60 3 

69 S 



Days 1-3 

Days 4-6 

Days 1-S 

None 

5 

8 3 

12 3 

20 6 , 

Cystme 

s 

8 6 

23 5 

32 1 


ment were somewhat heavier than those previouslj^ employed, they were 
given 15 gm of food daily instead of the usual 12 gm 
The rats receiving the diet contammg supplementary cystme and methio- 
nme excreted more vitanun C than did the other groups, while the rats 
receivmg the glycme excreted the least (Fig 3) The total excretions for 
the 13 days of the experiment of the groups on Diets 9, 5, and 10 were 85, 
65, and 42 mg of vitamin C, respectively This shows clearly that the 
difference between the 5 and 18 per cent casern diets m supporting vitamm 
C excretion may be bridged by the addition of methiomne and cystme to 
the former diet to make the total content of these ammo acids m both diets 
approximately the same In this experiment the excretion of the group 
on the 18 per cent casern diet was somewhat lower than that found pre- 
viously for the same penodm a similarly fed group (Fig 1) The difference 
may possibly have resulted from the fact that the rats m the present ex- 




















1 HOin lUS \ND C J SHLGL 


17 


penmen! reccjv eel 3 pn more food eicli day Tlic total quantdy of protein 
consumed each dny nnj be is impoHant as the propoihon of protein m 




3 Influence of the addition of cystine and methionine to the 5 per cent casein 
diet on the vitamin C excretion of rats receiving phenobarbital 

the diet in determming the effectiveness of a diet in supporting accelerated 
Vitamin C excretion 



18 


VITAMIK C EXGRETIOK 


The effect of pievious diet on uiinar 3 ’- levels of vitamin C during inanition 
was also studied (Pig 3) All food Avas removed on the 13th day after the 
start of the experiment, but the feeding of the phenobarbital was continued 
daily through the 20th day The rats receiving Diet 10 showed a slightly 
greater vitamin C excretion during the 7 days of inanition than during the 
preceding week The rats on Diet 9 exhibited a significant drop in ex- 
cretion until the values showm by the group on Diet 10 were attained, from 
which time the values for the twm groups were virtually identical The 
group receiving Diet 5 dropped to levels lower than those of the other two 
experunental groups The explanation for these findmgs is not readily 
apparent 

Influence of Sulfur Amino Acids on Vitamin C Excretion When Added to 
5 Per Cent Casein Diet {Diet 2) vntk Chloretone Stimulating Agent — 
Three groups of four rats each were given the 5 per cent casein diet supple- 
mented with methiomne (Diet 7), cystine (Diet 8), or glycine (Diet 10) m 
such a manner that the sulfur content of the first two diets was approxi- 
mately equal to that of an 18 per cent casein diet (Diet 5), and the nitrogen 
content of all three diets was equal Chloretone was used^as the stimu- 
latmg agent m this experiment, bemg fed m an equimolar quantity, 15 mg 
per rat daily, to the phenobarbital employed m previous experiments The 
drug, contained in 0 5 ml of 95 per cent alcohol, was pipetted onto the 
daily food ration (12 gm per rat) and mixed m thoroughly 

The cystme- and methiomne-fed groups showed virtually identical re- 
sponses, both groups excreting approxnnately twnce as much vitamin C 
over the experimental period as the rats recemng glycme (Fig 4) The 
average rate of excretion under these conditions w^as approximately the 
same as with phenobarbital The results of this experiment show that the 
effect of the sulfur ammo acids is independent of the stimulating agent and 
that equivalent quantities of cystme and methionme are equally effective 
in mcreasmg the excretion of vitamin C w'hen added to a low casern diet 
containmg an adequate supply of chohne 

Influence of Dietary Level of Arachin {Protein Low in Methionine) and 
Supplementation with Methionine on Vitamin C Excretion — ^Three groups 
of four rats each were fed diets containing no protein (Diet 1), 5 per cent 
arachm (Diet 3), and 14 per cent arachin (Diet 4) In all cases, a small 
amount of protein w as present in the daily yeast supplement On the 9th 
day after the first administration of phenobarbital and for 8 days there- 
after all rats received 100 mg of methionine in the diet daily 

Prior to the administration of methionme the vitamin C excretion m- 
•creased progressivelj’' wuth the increasing protein content of the diet (Fig 
5) The addition of methionme to the diet raised the excretion of the 
group on Diet 3 to the levels previously attained by the rats on Diet 4 and 
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jnrn'i'-od (o n cnii‘'ulcrilil\ ''tii.ilicr c\lciit the excretion of those receiving 
Diet 1 On the other Iniui, the \ifnmin C content of the urines of the ani- 




l^iG 4 Influence of the sulfur ammo acids on vitamin C excretion when added to 
the 5 per cent casein diet with chloretono as the stimulating agent 

uials fed Diet 4 fell during tlie administration of metlnomne, until at the 
end of the experiment these rats were excreting vitamin C m the amounts 
shown by the 5 per cent arachin group prior to the addition of methiomne 



Fig \5 Effect of dietary level of arachin and supplementation with methionine 
on vitamm C, excretion in rats fed phenobarbital 

20 
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(o llio (licl 'Jlni*-, tleppiuliiiR on tlic 'irncliin Ic\el of tho diet, a given 
qinntil\ of inodnonino inn iiurei'-e or dpercasc tlie Mlamm C evcrelion 
of nis fed phonolvirlnt'il 

The total '-iilfur content's of Diets 1 nnd 3 dilTered only to a small extent 
when 100 nip of methionine were added to tlic^e rations However, the 
meren'^ in Mtainiii C exerelion was nnieh great ei in the group receuing 5 
per cent ar’iehin in the diet wlieii methionine wns added than in the group 
containinp no more dielar\ protein than tliat furnished by the yeast It 
appeip' tint factor^ otiier tlian methionine whicli are present in protein 
are necessarv for supporting the maximal Mtamin C excretion and that 
under the conditions of Diet 1 ammo aeids otlicr than methionine or cvstine 
ma\ he tile limiting f lelor- 

Dor’! McOnouiur Il-:r]f Stuiuilatf hicrchon of Vilm>n7i C? — As a result of 
the prc\ mush di'-c.us'-ed experiments the question arose whether the sulfur 
ammo acids can stimiihtc Mtanim C excretion in the absence of other 
stimulating agent'- I'wo groups of six rats each were fed 35 ml of evapo- 
rated milk per da\ On the Oth dax’’ after both groups had attained a um- 
formh low excretion of the xitamin, 100 mg of methionine were added to 
tho daih ration of one of the groups (Group A, Fig 0) For 7 days after 
the addition of the methionine there was no cxidence whatsoexer of a 
stimulation of xitamin C excretion m the rats receixing the ammo acid, 
the excretion for both groups remaining identical for this period On the 
Sth day after the start of the methionine and dailx for the remainder of the 
expenment 20 mg of phcnobarbital were gixen bj stomach tube to each 
rat in both groups The accelerated excretion of the xatamm mduced by 
phcnobarbital xxas not enhanced bx the addition of methionine, but instead 
appears to haxc been somewhat depressed The removal of metluonme 
from the diet of Group A on the 24th day of the expenment did not alter 
the general lex el of excretion of these rats 

These data praxm that methionine itself does not have a stimulatory 
effect on xatamin C excretion in the sense that phenobarbital and chloretone 
do, and show that xvlien this ammo acid is added to a diet xvhich can support 
a high vitamin C excretion it may depress the ability to excrete xntamm C 

Influence of Fasting on Response of Rats to Phenobarbital — Experiments 
hax'e been reported in xxdiich cliloretone-fed rats excreting large quantities 
of xntamin C xvere fasted for 5 days w^hile still receivmg the drug (5) The 
average excretion of these animals xvas reduced to 2 mg of xatarmn C per 
day The experiment to be described xvas performed to determme xvhether 
rats severely depleted by fasting could still respond to the feeding of pheno- 
barbital xvith an accelerated excretion of vitamin C (Fig 7) Txvelve rats 
were fed 35 ml of milk per day until a uniformly loxv excretion xvas attamed 
and then xvere fasted for 3 days prior to the daily admimstration of 20 mg 
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of phenobarbital by stomach tube On the last day before the administra- 
tion of the diug the average dail 3 ’- excretion v as 0 1 mg of ntarmn C per 




Fig 6 Effect of methionine on vitamin C excretion before and after administra- 
tion of phenobarbital m rats recemng an evaporated milk diet 

rat There -was a gradual mcrease m the daily excretion for 6 days and a 
shght drop on the 7th daj after the first feedmg of phenobarbital The 
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inmi niiNinnl cxcrolion of ] 1 mg per j d on tlic Olli cliy \\as ippioM- 
nntoK one-tenth tint ‘•hown b\ iai« on n diet Mipporling a high level of 
Mtnnnn C c\crction In «j)ite of the chmimlion of nil exogenous sources 
of the prccur‘=or'i for \itnnim C nnd for the cnzNmes pnilicipiting m the 
<\n(he«is the rnts were nhlo to incrcnee the excretion 10-fold o\er the 
control \ lino Tiic mem lo^*- m weight of the rats during the peiiod of 
feeding the drug was 21 per cent of the original bodv weight 




Tif 7 Influence of fasting on the response of rats to phenobarbital 

DISCCSSIOV 

It has been shown that chloretone and phenobarbital not only greatly 
accelerate the urinary ascorbic acid excretion in rats, but also cause an in- 
creased concentration of ascoibic acid in the small intestine, kidneys, and 
liver and to a smaller extent in the spleen (5) Only slight changes were 
obserted in the brain and adrenals Tissues from chloretone-fed rats 
showed evidence of s3mthesis of vitamin C in vitro with a substrate mixture 
of pyruvate, glyceric aldehyde, and hexose diphosphate, w^hile the tissues 
from normal rats showed virtually no evidence of synthesis of the vitamin 
from the^e substances (12) The former study (5) and work previously 
cited (2^) show conclusively that the increased urinary excretion of vita- 
min C in rats fed these drugs is a result of an increased rate of sjmthesis 
Tlie latter paper (12) indicates that the tissues of chloietone-stimulated 
animals probably contain more of the enzymatic mechanisms (or activity) 
required in the syntliesis of vitamin C The fact that the maximal uiinary 
excretion of vitamin C m response to a given dose of drug occims only after 
a peiiod of time (4 to 7 days) following the first feeding of the diug also 
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suggests that during this period there is an increased synthesis or activation 
of the mechanism bj'- which the sjmthesis of the vitamin is achieved 
The experiments reported m this paper show that feedmg a diet contain- 
mg 5 per cent casern markedly limits the abihty of the rat to excrete vitamin 
C in response to either phenobarbital or cliloretone as compared with an 
isocalonc diet containing 18 per cent casein The animals on both diets 
showed a gam in weight during the expeiiment The addition of cystme 
or methionme or a combination of the two to the 5 per cent casern diet 
m quantities supplying sulfur equal to that m the IS per cent casein diet 
brought the excretion up to the level supported by the latter diet, while none 
of the othei nine essential amino acids appeared to have a similar effect 
The effect of methionme m supporting enhanced vitamin C excretion was 
furthei shown in the experiment m nhich supplementation of a 5 per cent 
arachin diet with 100 mg of methionme daily raised the excretion to levels 
attained with a 14 per cent arachm diet 
Although the possibility that the S-contammg amino acids can sen’^e as 
precursors for vitamin C has not been unequivocalljf ruled out, it is doubtful 
that this IS the case The addition of a relatively large quantity of methio- 
nme to diets containing 5 per cent arachm or casein was much more effective 
m mcreasmg vitamin C excretion m rats recemng the stunulatmg drugs 
than was the addition of the methionme to an isocalonc diet contammg no 
protein other than the yeast supplement This mdicates that the absence 
of other ammo acids may also limit the rate of synthesis of the vitamin by 
the rat The dietaiy conditions employed in the present expenments were 
especially favorable for the demonstration of the effects of cystme and 
methionme Methionme was shown to have no stunulatmg action of its 
on n on vitamin C excretion m rats not receivmg phenobarbital or chlore- 
tone, and it ivas proved that the effect of the sulfur ammo acid supple- 
ments was not attributable to their nitrogen content 
The type of results obtained m these studies is not umque, smce many 
reports have been made of the beneficial effects of the supplementation of a 
low protein diet with the S-ammo acids A number of such studies are 
quoted by Miller (13), who showed clearly that n-cystme and DL-methio- 
nine ha% e a definite protein-sparing action when fed to dogs on a very low 
protein diet Croft and Peters (14) found that losses of urmary mtrogen 
m burned rats receiving a 10 per cent casern diet could be specifically de- 
creased by the addition of methionme to the diet The addition of methio- 
nme or cystme to a diet contammg an madequate amount of casern in- 
creased the regeneration of hver protem after fastmg (15) 

The decrease m the ability to excrete vitamin C produced by the feedmg 
of a 55 per cent casern diet or by the addition of methionme to a 14 per cent 
arachm diet or an ei aporated milk diet is difficult to explam, except pos- 
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£ibh ni 1<'nn‘> of s cnmppf ilion for tissue protein by the enzymes of vitamin 
C s\nthe‘-is nntf the catabolic cnzjmes in\ohcd in degrading a dietary 
cvoc^s of prot< in or ammo acids 


SUMMVin 

1 \ sttuK u m ide of the influence of altering the dietary level of 
protein on thn icrelcr i1< d urinaty excretion of x itamin C of rats fed sodium 
phcnobarliit il or clilorctone 

2 Incrca>-ing the Ic\rl of casein from 5 to IS per cent resulted in an in- 
creased ability of the rats to excrete vitamin C •nhen fed phenobarbital 
V further increase to 55 per cent resulted in a somewhat lower excretion 

3 Increasing llie diet irj ]c\cl of nrachin from 5 to 14 per cent also re- 
sulted in accelerated excretion of the xitamin 

1 Onl\ c\stine and methionine showed a marked accelerating effect on 
Mtamin C excretion in rats fed phenobarbital in experiments m which each 
of the ten essential imino acids and cjstine was added singly to the 5 
per cent casein diet 

5 Cxstinc and methionine, when added to the 5 per cent casern diet to 
bnng tlic total sulfur content up to that of the IS per cent casern diet, in- 
creased the excretion of \itamin C with either cliloretone or phenobarbital 
to approxImatcl^ the ma\imal level attainable under the experimental 
conditions emplojcd 

G Methionine liad no effect on vitamin C excretion in the absence of a 
stimulating agent 

7 The addition of methionine to a milk diet supporting a high level of 
xatamm C excretion depressed the excretion A similar result was obtained 
when methionine was added to a 14 per cent arachin diet 

8 It IS suggested that cystine and methionine probably do not act 
directlj’’ as precursors of vitamin C in the rat and that the accelerating 
influence on x'ltamin C excretion observed m these studies is related to the 
generally beneficial effects observed when these amino acids are added to a 
low protein diet 

The authors wisli to acknowledge the support and encouragement 
given this work by Dr H C Hodge, Dr W R Bloor, and Dr H E 
Stokinger 
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IHE COLOHIMErRIC DETERMINATION OF HEXO&ES 
WITH CiVRBAZOLE 

Bt gi:orgi: hol/^mw,* Robert v Macvllister, and 

CVRL ME^U^N 

(Fron the Gales •.nd CrdUn I^boraloncs of Chcmtslry,^ California Insltlulc of 

Tfchfiologt/, Pasadena) 

(Uccciscd for publication, Julj 1C, 1947) 

The diflicully of appljnng cla'^aical procedures to the quahtatue and 
qinnlitatuc dctemnmtion of carbolijdrate m certain biological materi- 
als Ins led to the detelopincnt of colorimetric methods in which the carbo- 
hjdratc-containing matenal is treated with strong mineral acids, causing 
the formation of cubstance*: wluch will react with compounds such as di- 
phena Inmine, resorcinol, orcinol, indole, carbazole, etc, to gi\e distinc- 
tnel} colored products The rate at which these colored products are 
formed (1) and the nature of their absorption spectra are frequently suf- 
ficiently di<tincti\c to allow their me in differentiating the various sugars 

One of the most w idclj used of the above colonmetnc methods is the 
carbaiKilc-Eulfunc acid method first described by Dische (2-4) and further 
de\ eloped by Gunn and Hood (5, 6) for the identification and estimation 
of he\oses and pentoses The latter procedure was used by Seibert and 
Atno (7) for the analysis of the polysacchandes present in serum and by 
Ivnight (8) for the identification of the sugars present in influenza virus 
Dische (9) has rcccntlj'' desenbed a modification of the carbazole method 
for the analj'sis of uronic acids 

Although the carbazole-sulfunc acid method has been used extensively, 
no sj'stcmatic study of the vanables influencing this method appears to 
have been reported Difficulties encountered in the quantitative apphea- 
tion of the carbazole method have been commented upon (7) and indeed 
the significance of the carbazole reaction, or other color tests, for the qual- 
itative identification of sugars has been questioned (10) Recently in the 
course of a study of the polysacchande fractions from hog gastnc mucin, 
ue have had occasion to investigate the more important vanables associated 
u Jth the carbazole reaction as apphed to the determination of hevoses In 
the course of this study the optimum conditions for the quantitative de- 
termination of hexose were detenmned and certain aspects of the quahta- 
tive identification of hexoses were examined 

•ARied Chemical and Dye Corporation Fellow, 1946-47 Present address, De- 
partment of Chemistry, Massachusetts Institute of Technology, Cambndge, Mas- 
sachusetts 
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EXPERIMENTAL 

Reagents — ^Eastman TiTute Label carbazole was precipitated three times 
from a concentrated suKuric acid solution by dilution with cold water, and 
the dned product recrj^stallized from toluene The sugars were recrj^stal- 
hzed from aqueous ethanol accordmg to conventional methods (11) Tech- 

nical furfural was fractionally distilled and the fraction boihng at 80-81° 
and 50 m m reserv’^ed for use In order to obtain lower blanks, c p sul- 
func acid was refluxed with potassium persulfate (20 mg per hter) until a 
negative test for oiadizing agents was obtained with starch-iodide 
Apparatus — A Bdett colonmeter, green filter Ko 54, uas used for all 
colonmetnc analyses Duphcate or tnphcate analyses were always per- 
formed and the results reported are average values A Beckman model DU 
spectrophotometer, eqmpped with a 1 cm cell, was used in determining 
spectral absorption Intensities were measured at 10 mii mter\ als except 


Table I 

Effect of Sulfuric Acid Concentration 


Concetitrated HiSO< added 

1 K3ett\alue* 

1 ... 

per eevt hy aetshl 


80 

215 

82 

230 

84 i 

230 

86 i 

220 

’ 89 ! 

ISO 

« 1 



* Corrected far blank on 1 ml of water 


m the region of maxima and minima where the interval was reduced to 
2 to 5 mil 

Effect of Sulfunc Acid Concentration — ^With the amount of carbazole 
set at I 5 mg , the quantity of hexose at 100 y of glucose per ml , and 10 
imnutes for the time of heatmg, variation of the sulfunc acid concentra- 
tion gave nse to the values shown m Table I Similar results u ere ob- 
tained with galactose 

Effect of Carbazole Concentration — ^With the concentration of the added 
sulfunc acid mamtained at 84 per cent (by weight), the amount of hexose 
at 100 7 of glucose per ml , and the time of heatmg at 10 mmutes, vana- 
tion of the carbazole concentration between the hnuts of 1 5 and 4 5 mg 
gave nse to the values presented m Table II Sunilar results were ob- 
tained with galactose 

Effect of Time of Heating— lesb solutions contaimng 9 ml of 84 per cent 
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sulfunc acid, 3 mg of carbazolo, and 100 y of glucose m 1 ml of water were 
heated in a boiling natcr bath for aarpng penods It was found that 80 
per cent of the ma\iraum color mtonsitv aa as attained after heating for 7^ 
minutes, 99 per cent after 10 minutes, 100 per cent after 15 minutes, and 
97 per cent after 20 minutes \s in other evpenments galactose gave 
similar results 


Table II 

LJfccl of Carhasole Conccntralion 


Carbaitilt prtjcnl 

Klctt value* 

til j 

1 5 1 

240 

2 5 ! 

316 

3 0 

363 

3 5 

402 

4 5 i 

438 


• Corrected for blank on 1 ml of water 


Table III 

Determination of Glucose mth Modified Procedure 


GInco*e 

Kiett take* 

Average deviation, Klett units 

7 



140 

682 

6 

120 

607 

12 

100 

527 

11 

SO 

425 

10 

00 

349 

3 

40 

272 

4 

20 

185 

7 

10 

144 j 

4 

5 

129 

5 


* Average of eix separate determinations 


Modified Procedure ^ — reagent was prepared by adding 10 ml of a 1 0 
per cent solution of carbazole m absolute ethanol to 300 ml of 84 per cent 
sulfunc acid 9 ml portions of this reagent were chilled m an ice bath, 
1 ml of the hewse solution poured onto the reagent, and the solutions 

* The procedure of Gunn and Hood (5) consists of heating 1 6 mg of carbazole 
(0 3 ml of a 0 5 per cent solution in ethanol), 1 ml of bexose solution, and 9 ml of 
89 per cent sulfunc acid (8 1 concentrated sulfunc acid and water) for 10 minutes in 
a boiling water bath 
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thoroughly mixed and heated m a boihng water bath for 15 minutes After 
coohng m an ice bath, the intensity of the color produced was determined 
in the IQett colorimeter Typical results, obtained with glucose, are given 
m Table III 


DISCUSSION 

It IS seen from Table I that the Klett values are particularly dependent 
upon the acid concentration and that maximum color intensity is obtamed 
with 82 to 84 per cent added sulfuric acid It was shown, by means of 
extinction curves, that the differences noted m Table I were due to dif- 
ferences in mtensity alone 'VN'hile extmetion values vaned widely with 
sulfunc acid concentration, the position of the maxima lay between 540 
and 550 mu in every mstance However, it should be pomted out that 
quahtative obsenmtions of Dische (2) suggest that significant changes in 
respect to the position of the maxima may occur also if the sulfunc acid 
concentration is vaned widely 

The dependence of the IQett values upon the carbazole concentration 
(Table II) emphasizes the necessity of precision m addmg the carbazole 
to the reaction mixture An error of 3 per cent m the addition of 1 5 mg 
of carbazole (0 3 ml of a 0 5 per cent solution in ethanol) w'ould cause a cor- 
responding vanation of about 4 umts in Klett values It is obvious that 
the addition of small volumes of a carbazole solution is undesirable, espe- 
cially smce the solvent is ordmanly absolute ethanol, which is difficult to 
pipette accurately "l^Tiile large amoimts of carbazole undoubtedly in- 
crease the sensitivity of the procedure, especially smce the blank values are 
practically constant over the range studied, the low solubihty of carbazole 
in the diluted sulfunc acid hmits the upper concentration 

In contrast to other vanables the time of heatmg is not particularly 
cntical, pro^^ded the time is not less than 10 mmutes or more than 20 min- 
utes A penod of heating of 15 mmutes, with 84 per cent sulfuric acid, 
appears to be a reasonable choice 

In order to simplify the procedure of Gunn and Hood (5) the carbazole 
-was dissolved m a relatively large quantity of 84 per cent suKunc acid and 
aliquots of this reagent were used for analysis This reagent simphfied 
“ the procedure for routine analysis as well as ehmmated errors ansing from 
the addition of carbazole to mdividual tubes The reagent is prepared by 
mixing an ethanohc solution of carbazole with 84 per cent sulfunc acid, 
because sohd carbazole dissolves very slowly m sulfunc acid of this con- 
centration Although the reagent is known to be stable for at least 6 
hours, occasionally a green color has appeared after standmg for more than 
24 hours It is recommended that the reagent be prepared daily, as was 
suggested by Seibert and Atno (7) 
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Kjtr-ite and feme iron are presumed to interfere m the carbazole pro- 
cedure of Gunn and Hood (o) Xo interference from these constituents, 
or from nitrite, w is ohn'ried with the modified procedure The same 
I\3ett A alucs were obtained, withm the hmits of precision discussed below, 
in the presence or absence of o •) of ‘^odium nitrate, sodium nitnte, or ferric 
chlondc M hen the amount of hexose pi-c‘=ent w o'? 100 y of glucose Sodium 



450 500 550 

WAVELENGTH IN MILLIMICRONS 

Fig 1 Absorption curves for colors obtained with vanous sugars on reaction with 
carbazole Curve 1, 100 y of fructose, Curve 2, 100 y of glucose. Curve 3, 100 y of 
galactose, Curve 4, 100 y of mannose 

nitnte imparted a faint green color, as did ferric chlonde at higher con- 
centrations, to the cold carbazole-sulfunc acid solution However, this 
color generally disappears on heatmg 
While the modified procedure possesses the advantages of convemence 
and reliabihty, the precision would appear to be no greater than that of the 
original when the latter is applied with extreme care The modified pro- 
cedure lias a precision of 2 to 5 per cent (Table III) in the range of 50 to 150 
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7 of glucose The relatively low precision is still unexplained, although 
the complexity of the reactions occumng in sulfunc acid, revealed by the 
extmction curves discussed below, suggests that experimental conditions 
may not still be sufficiently reproducible 
The extmction curves for the carbazole-hexose colored products ob- 
tamed by the modified procedure are shown m Rg 1 The curves resemble 
qualitatively those obtained previously (7, 8) However, the color ob- 



WAVELENGTH IN MILLIMICRONS 

Fig 2 Absorption curves for various sugars heated in sulfunc acid solution 
Curve 1, 100 y of galactose. Curve 2, 100 y of glucose, Curve 3, 100 y of fructose 
Curve 4, 100 y of mannose. Curve 5, 100 y of N-acetylglucosamine 

tamed vuth mannose does not appear to be as markedly different from 
that of the other hexoses as has been observed by others (7, 8) It would 
appear that precise control of the sulfunc acid concentration is of utmost 
importance, not only for quantitative procedures, but also in the quahta- 
tive mterpretation of absorption spectra Owmg to the similanty of the 
curves for glucose, fructose, mannose, and galactose, the low precision of 
the carbazole method, and because of possible interferences from other 
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types of -ompounds (5), the qualitative identdication of sugars by means 
of tlic modified procedure n ould appear to be dubious 
Rclov ant to tlic problem of spectral identification of sugars are the ex- 
tinction curves in the ullravaolct region that have been obtained for sugars 
m sulfunc acid solution in the absence of carbazolc Fig 2 shows curves 
obtained for 100 y of sugar in 1 ml of water and 9 ml of 84 per cent sul- 
func acid solution after licating 15 minutes on the water bath The hex- 



Fig 3 Absorption curves for furfural and various sugars in sulfuric acid solution 
Curve 1, 100 y of furfural , Curve 2, 100 y of fructose after standing 40 minutes. Curve 
3, 100 y of fructose after standing 5 minutes. Curve 4, 100 y of fructose after standing 
40 minutes and then heating 15 nunutes in a water bath Curves for galactose, 
mannose, glucose, and N-acetylglucosamine are not shown, since the densities are 
below 0 03 throughout the wave-length range 

OSes studied exhibit maxima at about 250 and 320 mp Fructose, glucose, 
and galactose show similar curves, while mannose differs m having less 
absorption at 320 m^i than at 250 mp The positions of the maxima cor- 
respond closely to those observed for furfural under the same conditions, 
the apparent conversion of the hexoses to a furfural denvative would ap- 
pear to be only 10 to 20 per cent as judged from the spectra While the 
mechanism of the carbazole reaction and similar color tests is not clearly 
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understood, presumably the formation of aldehyde mtermediate^ is impor- 
tant (2, 9) It IS significant that N-acetylglucosamme, which does not give 
a color test with carbazole, also shows no specific absorption in the ultra- 
violet m sulfunc acid solution 

The relative heights of the maxima m the ultraviolet are not correlated 
with the mtensTy of the colors produced m the carbazole reaction, a fact 
which might argue for the unimportance of the compounds showmg ultra- 
violet absorption m the subsequent color reaction However, extmction 
curves of unheated sulfunc acid solutions of the hexoses (Fig 3) suggest 
a comphcatmg feature The ultraviolet spectra were found to be sensitive 
to time of heating, and the extmction values mcreased and then decreased 
on heatmg for successively longer penods Glucose, fructose, mannose, 
and N-acetylglucosamme show no appreciable absorption m the cold, 
while fructose is converted rapidly to an mtermediate showmg specific 
absorption in the region 250 to 320 mjit, maximum absorption is reached 
after about 40 minutes at 25° When the fructose solution is then heated, 
the specific absorption decreases markedly, mdicatmg other reactions 
leadmg to decomposition Fructo''e also shows characteristic behavior 
m the carbazole reaction m that a color appears several times faster and 
with greater mtensity than for any of the other hexoses It is apparent 
that the marked difference m behavior of fructose from other sugars m 
cold sulfunc acid could readily be adapted to its detection under suitable 
conditions Smce it is known that heated acid solutions of the hexoses 
will not react appreciably with carbazole m the cold (9), the carbazole re- 
action would appear to consist of at least two senes of reactions, (1) the 
conversion of hexoses to intermediates showmg specific ultraviolet ab- 
sorption and the simultaneous decomposition of these mtennediates in 
hot acid solution, and (2) the reaction of some or aU of the products with 
carbazole in hot acid solution to yield a stable visible color 

SUMMARY 

The optimum conditions for the colonmetnc estimation of hexoses by 
reaction with carbazole in hot suKunc acid solution have been determined 
and a convement procedure, givmg results with a precision of 2 to 5 per 
cent m the range of 50 to 150 y of glucose, is descnbed The colors ob- 
tamed with glucose, galactose, fructose, and mannose are not sufficiently 
distinctive to allow their ready differentiation and identification by spec- 
tral measurements The significance of the ultraviolet spectra of heated 
and unheated sulfuric acid solutions of hexoses to the problem of estimation 
and identification of hexoses is discussed 
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THE ROLE OF FROLIXE, IFi'DROXYPROLINE, AND 
GLUTAMIC ACID IN GROWTH* 


Bt ^L\DELYX WOMACKt and WILLIAM C ROSE 

(From the Division of Biochcmislri/, Noyes Laboratory of Chemistry, 
University of Illinois, Urhana) 

(Receded for publication, July 2A, 1947) 

In n recent paper from tins laboratory' (1) arginme rsas showm to be a 
nccessan dictarv component of the rat for opiimim growth Upon 
rations of olherui=e high qualify' young animals depnved of arginine 
gained little more than half as much as their htter mates which received 
this ammo acid These findings w ere interpreted as mdicatmg that, m the 
species in question, the synthesis of arginine does not keep pace mth the 
requirements of the cells for maximum increases in weight 
As pointed out in the above paper, the question of the growth effects of 
glutamic acid and the prolincs still remains to be answ’ered Several years 
ago an attempt was made to solve this problem, as well as the closely 
related one of the possible interchangeability' of these ammo acids and 
arginine in metabolism, by' removing all four compounds from hydroly'zed 
casein (2) The results were inconclusne inasmuch as no method eMsted 
whereby' the completeness of the removal could be ascertained Following 
the disco\ciy' of thjeomne (3), the feasibility of formulatmg rations con- 
taining known mixtures of the amino acids in place of protems agam 
directed our attention to the r61e of glutamic acid and the prohnes Pre- 
hminaiy' experiments, m which the influence of each was compared to that 
of arginine, yielded what appeared to be essentially' negative results 
Of the three ammo acids, prohne alone seemed to exert a shght growth- 
stimulatory action, but this w'as so small as to be regarded as insignificant 
Without attemptmg to justify this conclusion, w'hich admittedly was 
scarcely warranted by the relatively small number of animals employed m 
the preliminary' tests, it is pertinent to point out that all such feeding trials 
were handicapped at the time by the w'ant of a suitable source of vitamins 
Under the most favorable circumstances then possible, animals leceiving 
so called “synthetic” rations manifested gams which would now be regarded 
as distinctly subnormal Even the stimulatory action of argmine was 
found to be relatively small until slowly acquired information with respect 
to the dietary requirements of the rat, and the advent of adequate supplies 

* Aided by grants from the Rockefeller Foundation, the Nutrition Fountiation, 
Inc , and the Graduate School Research Fund of the University of Rlinois 

t Present address, Bureau of Human Nutrition and Home Economics, Umted States 
Department of Agnculture, Beltsville, Maryland 
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of crystalline vitamins, permitted a thorough overhauhng of our basal 
ration (cf Borman et al (1)) 

The above facts called for a remvestigation of the growth effects of 
glutamic acid and the prolmes Furthermore, this need was rendered 
more insistent by evidence appearmg m the literature to the effect that 
certam mterconversions of the 5-carbon ammo acids actually occur 
Thus, Weil-Malherbe and Krebs (4) succeeded m demonstratmg the 
formation of a-ketoglutaric acid by the action of kidney shces upon prohne 
In similar experiments mvolvmg the use of hver slices, Neber (5) isolated 
glutamic acid In the presence of ammoma kidney shces transform prohne 
and hydroxyprohne mto amide mtrogen (glutamme) (4, 5) Hydroxypro- 
Ime IS said to be less effective than prohne m this respect, nor does it yield 
an appreciable amount of a-ketoglutanc acid (4) Subsequently, Krebs 
show'ed that mammalian kidney extracts transform both D-prohne and 
D-ormthme into a-keto-5-ammovalenc acid (6) The latter acid appears 
to be produced also by the action of n-amino acid oxidase upon L-prohne 
(7) These facts suggest the possible mterconversion of prohne and or- 
mthme, although the mechamsm may not be so simple as the discovery of 
the above intermediate seemed to imply (cf Shemm and Rittenberg (8)) 

It remamed for the Columbia Bmversity group, by the use of amino 
acids “labeled” with isotopes, to demonstrate that these and other mter- 
onversions mvolvmg the 5-carbon ammo acids occur m the mtact animal 
In a bnlhantly conceived and skilfully executed series of mvestigations 
Schoenheimer and his associates proved that deuteroormthme, m the 
organism of the mouse, is not only converted mto deuteroargmme (9), but 
mto deuteroprohne and deuteroglutamic acid as well (10) Furthermore, 
prohne contammg both deuterium and N’® is transformed by the rat mto 
isotopic hydroxyprolme, argmme, and glutamic acid (11) This shows 
that prolme and ormthme (argmme) are mutually mterconvertible ^n mo 
On the other hand, there is as yet no conclusive evidence for the conversion 
of hydroxyprohne or glutamic acid mto prohne m the mtact animal 
The over-all relationships thus far established, h 3 q)othetical mtermediates 
being omitted (c/ (11, 8)), are indicated below 

Hydroxyprohne < — prohne — > glutamic acid 

IT 

Otothine 

IT 

Argmme 

While no reasonable doubt exists that the transformations mdicated by 
the arfows m the above scheme actually occur in vivo, it does not follow 
necessanly that the rates of mterconversion are sufficiently rapid to meet 
the demands of normal growth If prohne and argmme are mterconverti- 
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bio wtb Eufliciprit speed, the two ammo acids should be mutually mter- 
chaiigcablo m tlic diet If the formation of bydro\yproline and glutamic 
acid from prolinc or oriiiniinc represents re\crsililc reactions, either of the 
former should be capable of replacing arginine of the food to the extent 
that the rates of transformation keep pace i\ith the needs of the cells 
If all four amino acids are intcrcon%erliblc at \elocities equal to the tissue 
demand, the presence of any one in the diet should be as effective upon 
growih as vhen all arc supplied preformed Such were the considerations 
vhicli motuated us in carrjang out the feeding trials described m this 
paper 


EXPERIMENTAL 

Male weanling rats served as the experimental subjects throughout 
Rach animal w as housed in a separate cage and was permitted to consume 
the diet ad libitum Each test was continued for 2S days Ammo acids 
furnished the nitrogen of the rations and w^ere purified invariably until 
thej jioldcd correct anal 3 ’tical \alues 

The composition of the amino acid mixtuie (Mixture XXIII-b) is shown 
in Table I As wall be observ'ed, it was devoid of argimne, the prohnes, 
and glutamic acid These were incorporated in the diets separately as 
indicated below The make-up of the basal diet is presented in Table II 
The unknowTi nitrogen present m the liver extract did not exceed 32 mg 
per 100 gm of food, and consequently could not have contnbuted sigmfi- 
cant amounts of the ammo acids under investigation In companng the 
growth effects of prolinc, h 3 'droxyprohne, and glutamic acid with that 
mduced by argimno, the desired amount of each ammo acid was added to 
the basal diet in place of an equal weight of dextnn In certam tests the 
nitrogen content of aU rations was equalized In that event, the mtrogen 
present m the negative control diet was raised by an appropriate mcrease 
in the level of Mix-ture XXIII-b at the exjiense of the dextnn In every 
experiment, each kilo of ration w'as supplemented with vitamms by the 
thorough admuxture of the quantities listed m Table III 

Table TV summarizes the comparative growth effects of the four a mm o 
acids when mcorporated singly m the basal ration Throughout the 
experiments recorded m Table IV the total nitrogen content of the diets 
being compared w'as the same except m the glutamic acid tests of Senes I 
In this test, for reasons w'hich need not be discussed at this time, mtrogen 
w'as furnished at a slightly (0 025 pei cent) longer level This fact did not 
affect the outcome of the tests, as will be explained later Smee Senes I 
involved a comparison of five diets, and since male ammals only were 
employed, it w'as not feasible to distnbute the members of each fitter among 
all of the test rations The 121 rats used m this senes were derived from 



Table I 


Composition of Ammo Acid Mixture 



Mature XXlU b 


Physiologically active 

As used 


Sm 

gm 

Glycine 

0 10 

0 10 

Alamne 

0 20 

0 40* 

Serine 

0 10 

0 20* 

Valine 

1 00 

2 00* 

Leucine 

1 20 

2 40* 

Isoleucine 

0 80 

1 60* 

Cystine 

0 20 

0 20 

Methiomne 

0 80 

0 80* 

Threomne 

0 70 

1 40* 

Phenylalamne 

1 20 

1 20* 

Tyrosine 

0 60 

0 60 

Tryptophan 

0 40 

0 40* 

Aspartic acid 

0 20 

0 40* 

Lj sine 

1 20 


“ monohydrochloride 

Histidine 

0 70 

1 50 

“ monohydrochlonde monohydrate 


0 95 

Sodium bicarbonate 


1 07 


9 40 

15 22 


* Racemic acids In certain of the tests the DL-leuoine was replaced by half its 
weight of L-leucine This did not induce a detectable difference in growth rate In 
one senes of e\penments the dl tryptophan was replaced by an equal weight of l- 
trjptophan This will be referred to later 

Table II 

Composition of Basal Diet 


Amino acid Mixture XXlII-b 

Sucrose 

Dextrin 

Cellu flour 

Salt mixture* 

Corn oil 

Vitamin A and D concentratet 
Inositol 

Choline chlonde 
Liver extractt 


gm 

15 22 
15 00 
61 03 
2 00 
4 00 
2 00 
0 05 
0 10 
0 20 
0 40 


100 00 


* Jones and Foster (12) 

t This contained 65,000 U S P umts of vitamin A and 13,000 U S P umts o 
vitamin D per gm , 

t Wilson’s liver powder 1 20 Grateful acknowledgment is made to Dr Davi 
Hein of The Wilson Laboratories for his generosity in furnishing this product 
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<wont>-ruc httor*: This rchluch ^rgc number of animals should 
minmnro Iho innucncc of anj inherent difTcrenccs m growth tendency of 
indmilual litters In Senes II and III, each involving a comparison of 
onh two diets, litter mites were used imariably 


Tint-E III 
Tifamtn Supplements 



Addtd to each Lilo of diet 

Thiamine hvdrochloridc 

5 

ItibofiaMn 

10 

PjridoMne hjdrochloride 

5 

Kicolmic acid 

5 

Calcium d pantothenate 

25 

p Vminobcnzoic acid 

300 

a-Tocophcrol 

25 

2 Mcthjl 1,4 naphtlioquinonc 

2 

Biotin 

y 

; 100 


Table IV 

Comparative Growth Effects of Argtmne, ProUnc, Hydroxyproltne , and Glutamic Acid* 


The experiments covered 28 dajs each 


Senes No 

1 

Supplement 

i 

Amount m diet 

No of animals 

Mean gain in weight 
and probable error 
of mean 

I 

None 

per cent 

30 

sm 

49 1 0 85 


Arginine 

1 13t 

31 

78 2 ± 1 25 


Prohne 

3 00 

28 

1 60 0 ± 1 26 


Hydroxyprolinc 

3 41 

9 

26 2 ± 1 70 


Glutamic acid 

I 3 58 

23 

58 0 ± 1 10 

II 

None 


7 

48 0 ± 0 53 


Glutamic acid 

3 84 


56 7 ± 1 26 

III 

None 



48 2 db 0 96 


Hydroxyprolinc 

1 00 


43 1 ± 0 92 


* Each Bupplementary ammo acid possessed the l configuration 
t Administered as the monohydrochlonde (1 37 per cent of the diet) with an 
equivalent amount of sodium bicarbonate 


The results demonstrate that, contrary to our unpubhshed findmgs of 
several years ago, involiung the use of a less satisfactory basal diet, both 
prohne and glutamic acid exert statistically sigmficant effects upon the 
growth of rats deprived of arginine In the glutamic acid tests the gro'wth 
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acceleration was comparable -whethei the ammo acid was furmslied at a 
level of 3 84 per cent of the diet (Senes II), equivalent to the mtrogen m 
1 13 gm of argmme, or at the shghtly lower level of 3 58 per cent (Senes I) 
On the other hand, the data demonstrate quite clearly that neither prohne 
nor glutamic acid is as effective a growth stimulant as is argmme The 
mean grovdh mcrement induced by argmme was 29 1 gm The corre- 
spondmg figures for prolme and glutamic acid were 10 9 and 8 9 gm , re- 
spectively These differences become even more strikmg when one recalls 
that the adjustment of the diets to an equal mtrogen content resulted m 
concentrations of prohne and glutamic acid which m molar eqmvalents 
were 4 tunes that of argmme Smce mterconversions of these ammo acids 
xn VIVO doubtless occur m molecular ratios, the efficiency of prolme and 
glutamic acid as growth stimulants is seen to be even less than would 
appear to be the case from the relative mcrements m gams 

In contrast to the effects of prohne and glutaimc acid, hydroxyprolme 
not only fails to accelerate growth but, when mcluded m the diet to the 
extent of 3 41 per cent, actually exerts an mhibitory action Thus, the 
mean gam of nine animals upon this level of hydroxyprolme was 26 2 ± 1 7 
gm as compared to a mean gam of 49 1 ± 0 85 gm for the negative con- 
trols In view of the pronounced effect of hydroxyprolme at this level, 
tests were carried out with a diet contammg a smaller percentage of the 
I > j acid For this purpose, twenty male rats from three htteis were 
Jinded into two groups each contammg the same number of animals from 
each fitter One group received the basal diet supplemented with 1 0 per 
cent of hydroxyprolme, and the other a diet contammg an identical amount 
of nitrogen without hydroxyprolme The results are summarized in 
Table IV, Senes III, and demonstrate that the rats which received hydroxy- 
prolme gamed 5 1 gm less than the negative controls Whether this is a 
significant difference or not is a matter of judgment A statistical analysis 
of the data shows that the ratio of the mean difference to the probable 
error of the difference is 3 8 This unphes that the odds against the 
difference bemg due to chance alone are about 95 to 1 In any event, the 
tendency is in the direction of slowei, rather than more rapid, growth 
when the ration contains as much as 1 0 per cent of hydroxyprolme 
Furthermore, it appears certain that this ammo acid is incapable of im- 
provmg the quality of a ration which is devoid of argmme, prolme, and 
glutamic acid 

With respect to the argmme data m Table IV, attention is called to the 
fact that the mean growth mcrement is not so large as that observed m the 
third senes of tests conducted under different experimental conditions by 
Borman et al (1) The purpose of the latter mvestigation was to estabhsh 
the growth effect of argmme when added to a diet -which already contained 
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0 2 per cent of proluic, 0 1 per cent of li 3 'dro\jT)rolme, and 2 0 per cent of 
glutamic ncid Of the animals empio} cd in Senes III of that study only 
nine were males Of these, four were deprived of arginine, and showed a 
mean gam in 2S days of 42 0 gm Five litter mates received this amino 
acid, and manifested a mean gam of 82 0 gm Thus, the increment m 
weight due to arginine, under the conditions specified, amounted to 40 gm 
It should be emphasized that a larger number of animals w'as not used m 
this particular senes, inasmuch as tests upon more than 300 rats had 
alrcad}-^ demonstrated that arginine possesses a growtli-stimulatoiy action 
Tlius, Senes III was mcrclj a confirmatorj' test under improved dietary 
conditions 

No eapenments analogous to those of Borman cl al W'ere conducted in 
the present ina cstigation As was pointed out above, the mean w'eight 
increment due to arginine when this ammo acid w'as added to a diet devoid 
of prohne, hj'droxjTirohne, and glutamic acid amounted to 29 1 gm 
Perhaps little significance should be attached to this divergence in view of 
the small number of animals used m the earlier experiment, and the differ- 
ences in composition of the diets In the hght of the results recorded m 
Table of the present paper one w'ould anticipate that the presence m 
the diet of prolmc and glutamic acid, even m the amounts used by Borman 
cl al , would have induced better growdb in the negative controls than was 
actually observed On the other hand, as well be demonstrated below, 
the mean gam of the anunals which received all four amino acids also is not 
quite so great as is now being obtained Therefore, the increment of 40 gm 
due to argmine is probably not far from the correct value 

Havmg seen that arginine, prohne, and glutamic acid, in contrast to 
hydroxyproline, are capable mdmdually of stimulatmg the growth of 
animals, although argimne to a greater extent than either of the other two, 
it became necessary to compare the growth effects of argimne alone wuth 
that of all four ammo acids administered simultaneously For this pur- 
pose, two senes of experiments were carried out In one (Senes IV) the 
nitrogen of the two diets was kept at the same level This involved the 
use in one diet of a relatively high proportion of argmme (1 1 per cent, 
equivalent to 1 33 per cent of the monohydrochlonde), comparable to that 
employed m Senes I In order to exclude the possibility that this level 
might have exerted a slight toxic effect, such as that observed "with hy- 
droxyprohne, the test was repeated (Senes V) with a lower percentage of 
the ammo acid (0 4 per cent, equivalent to 0 5 per cent of the monohydro- 
chlonde) Under these conditions, the nitrogen content of the two diets 
obviously was not identical 

The results of both senes of tests are summarized m Table V No 
significant difference was observed m the growth effects of argmme at the 
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two le\ els, nor in the gams of the two groups of arnmnls which received all 
four ammo acids On the other hand, both senes of tests demonstrate 
that argmme alone is not so effective as is a mixture of the four ammo 
acids In Senes the ratio of the mean difference m growth of the two 
groups to the probable error of the difference is 3 9 This implies that the 
odds against the occurrence of a ratio as great or greater than this, due to 

Table V 

Comparative Growth Effects of (1) Argintne and (S) Arginine Plus Related Ammo 

Acids'* 

The evpenments covered 2S days each 


Senes No 

Supplements 

Amount in diet 

No of animals 

Mean gam in weight 
and probable error 





of mean 



/ter cent 


gffS 

IV 

Argimne 

1 It 

22 

80 0 ± 1 31 


<C 

0 4t 




Probne 

0 2 

27 

88 6 ± 1 79 


Hydroxyproline 

0 1 


Glutamic acid 

2 0 



V 

Argimne 

0 4t 

30 

77 3 ± 1 18 


<< 

0 4t 




Proline 

0 2 

27 

90 6 ± 1 75 


Hydroxyproline 

0 1 


Glutamic acid 

2 0 



VI 

Argimne 

0 6t 


91 2 ± 1 66 


it 

Proline 

0 6t 

0 6 

■■ 

96 9 ± 1 48 


Argimne 

Hydroxj proline 

0 6t 

0 3 

mm 

91 0 ± 1 77 


\rginine 

Glutamic acid 

0 6t 

2 0 

mm 

102 0 ± 2 04 


Argimne 

0 6t 




Proline 

0 6 


105 8 ± 2 19 


Hydro\yproline 

0 3 


Glutamic acid 

2 0 

■■1 



* Each supplementary ammo acid possessed the l configuration 
t Admimstered as the monohydrochlonde (1 33, 0 5, and 0 73 per cent of the diet 
respectively) with an equivalent amount of sodium bicarbonate 


chance alone, are 116 to 1 hlost investigators would regard this as 
statistically significant In Senes V, the correspondmg ratio is 6 3, which 
mdicates a highlj’- significant difference Incidentally, it is of mterest that 
a companson of the mean gam of the animals which were depnved of all four 
ammo acids (Senes I, Table IV) wath the mean gam of the animals which 
received these compounds (Senes IV and V, Table V) reveals differences 
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of 39 5 and J! 5 pm , respect ucij \\liilc these increments in gain were 
obnou'h not slnclU comparable to those obsciAcd by Borman ct al and 
referred to abo\ c, tho\ arc of the ‘^ame order, and suggest that the quanti- 
ties of prohne and glut^amlc acid used in the earlier investigation may not 
be \crj cfTcctue growth stimulants in the absence of arginine from the diet 

Ihc beneficial cfTccts of prohne and glutamic acid, when included m a 
diet containing arginine, i\erc unexpected in anew of our previous expen- 
cncc mth these amino acids Moderate didercnccs in growth such as 
these could not ha\c been detected under dictarj' conditions employed 
formcrh in this and other laboratories As explained elsewhere (1), a 
SNstematic effort has been made in recent years to improve the nutntne 
qualita of our amino acid diets As a result, ne are non able to olitain 
much more satisfactoiy groiilh, when all required ammo acids are present 
in the food, than ms possible originally Likcmsc, moderate deficiences 
are non rei calcd much more clcarlj' than was prenousiy the case Tlus is 
illustrated by the larger increment in weight mduced by arginine in animals 
recemng the rcvi'icd, as contrasted mth the older, basal ration (c/ Senes I 
and III (D) 

In consequence of the greater gains of the ammals which received all 
four compounds, additional tests were undertaken to establish whether 
the improvement was attributable to one or w'as characteristic of each of 
the ammo acids m question For this purpose, 75 male rats from thirteen 
litters were divided as equitably as possible mto five groups of approxi- 
matel 3 '’ equal number One group received a diet containing 0 6 per cent 
of arginine (equivalent to 0 73 per cent of the monohydroclilonde) as the 
sole ammo acid supplement This level of arginine is a liberal but not an 
excessive one Three groups of animals received rations containmg the 
same percentage of arginine m addition to either 0 6 per cent of prohne, 

0 3 per cent of hydroxyprohne, or 2 0 per cent of glutamic acid The 
fifth group received the four ammo acids, each at the percentage used m 
the other diets of this expenment The results are summarized as Senes 
VI m Table V 

Unfortunately, the weight gams of the rats m each group were rather 
variable as indicated by the relatively large probable errors of the means 
However, the data reveal several facts of considerable interest In the 
first place, no difference is evident m the growth of the ammals which, 
received arginine alone (91 2 ± 1 66 gm ) and arginine plus hydroxyprohne 
(91 0 ± 1 77 gm ) Obviously, the presence of this ammo acid does not 
improve the quality of a diet containing arginine, nor does it exert detecta-^ 
ble deleterious effects in the quantity here employed The am m als which 
received arginine plus prohne showed a mean gam of 96 9 ± 1 48 gm. 
Tins IS 5 7 gm in excess of the mean gam of the controls w'hich recen ed 
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argmme alone This divergence is not statistically significant, as is indi- 
cated By the fact that the ratio of the mean difference to the probable error 
of the difference is only 2 6 On the other hand, the animals which re- 
ceived argmme plus glutamic acid, and argmme plus the prolmes and 
glutamic acid, showed mcrements m weight over the argmme controls of 
10 8 and 14 6 gm , respectively Both of these mcrements are statistically 
significant, masmuch as the ratio of the mean difference to the probable 
error of the difference m the two groups is 4 1 and 5 3, respectively The 
divergence m the mean gam of the animals which received argmme plus 
glutamic acid, as compared mth argmme plus the prolmes and glutamic 
acid, IS 3 8 gm This is not statistically significant Apparently, therefore, 
the better growth brought about by the combmation of four ammo acids 
IS due largely, if not entirely, to the presence of glutamic acid A more 
positive mterpretation would be hazardous m the extreme, smce the 
differences m such experiments are small and the “biological” variations 
are relatively large Furthermore, despite the results of the statistical 
analyses, one cannot escape the impression that the tendency is toward 
progressively better growth when prolme, glutamic acid, and both of these 
ammo acids are added to a diet contammg argmme This is what one 
would anticipate if the data carry the implication which tentatively we 
-heve they do 

Before undertakmg to mterpret the findmgs m the investigation as a 
^hole, attention must be directed parenthetically to one other observation 
of an unexpected nature Throughout the experiments summarized m 
Senes I to V mclusive, comparable tests yielded remarkably uniform re- 
sults Thus, three groups of animals which received the basal diet without 
an ammo acid supplement showed mean gams of 49 1, 48 0, and 48 2 gm , 
respectively Three groups upon rations contammg arg inin e as the sole 
supplement, at different but adequate levels, manifested mean gams of 
78 2, 80 0, and 77 3 gm , respectively Fmally, two groups of rats which 
received all four ammo acids exhibited mean gams of 88 6 and 90 6 gm , 
respectively With Senes VI, however, this uniformity ceased In the 
latter senes, the gams were mvanably larger than those attained by the 
subjects m corresponding tests m the precedmg experiments Thus, 
upon the diet canying argmme alone the mean gam was 91 2 gm , and upon 
the ration contammg all four ammo acids the mean mcrease m weight was 
105 8 gm Obviously, this improvement m growth calls for an explanation, 
although it does not alter the vahdity of the comparisons already made 
between the vanous groups withm Senes VI 

In the conduct of the tests m Senes VI one modification of the basal diet 
vas instituted, namely the replacement of DL-tryptophan by an equal 
■weight of L-tryptophan This would seem to be an inconsequential altera- 
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tion, imsmucli n? tlic optical isomers of this amino acid are said to bo 
equally cfTcctnc in the ral for groulli purposes (13, 14) Despite our 
skepticism that this substitution might have been responsible for the 
increased cams in Senes VI, c\pcrimcnfs Mere undertaken to compare 
the effects of i- and ni-lraptophan under otherwise identical conditions 
These tests arc still in progress, but to date no level of the racemic com- 
pound has permitted as ‘^ali'^factory growih as the same level of the L 
isomer The explanation of this apparent supcriont 3 ' of L-tryptophan 
must await the completion of additional tests 

DISCUSSION 

The data in Table IV demonstrate clearly and unmistakably that m the 
rat prohne and glutamic acid, hkc argimne, exert growth-stimulatory 
effects when added separately to a basal diet w'hjch is devoid of these 
amino acids Tlius, the tlircc compounds possess the same activity 
qualitatn el}', althougli from the quantitative point of view arginme is 
much Eupenor to either of the other two Ordinarily, a diet from which 
two or more essential ammo acids have been removed completely is not 
improved for growili purposes by the addition of one of the missing com- 
ponents Tins was brought homo forcibly to us in the course of the 
isolation and identification of threonine The basal ration then used in 
assaying the protein fractions w'as, for unavoidable reasons, deficient in 
isoleucme This condition could not be demonstrated, however, until 
threomne became available, smee, m the absence of the latter, the addition 
of isoleucme failed to improve the quality of the food (c/ Womack and 
Rose (15)) Such a relationship is to be expected in multiple deficiencies 
of a complete nature, since the absence of a second essential still renders 
the ration unsatisfactory for tissue synthesis 

The situation in the present study is different in that the amino acids m 
question can be manufactured by the rat, at least to a limited extent, and 
consequently, though excluded from the food, are still not entirely wantmg 
to the cells Nevertheless, the ability of three ammo acids, when admmis- 
tered singly, to accelerate the growth of animals which have been deprived 
of them simultaneously has no counterpart This unique situation is of 
paramount importance in the interpretation of the findings The only 
logical explanation, it seems to us, is one which assumes that arginme, 
prohne, and glutamic acid are mutually interconvertible, but at different 
rates, as exemplified by their varymg effects Evidence that certam of 
these mterconversions actually occur has aheady been cited The 
present study points strongly to the probability that glutamic acid is 
converted into argimne or prohne This has not been observed in mvo 
previously On the other hand, hydroxyprohne eithei is not transformed 
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into the other members of the group, or the transformation takes place too 
slowly to be detected by the growth method This difference m the be- 
havior of hydroxyprolme is not very surprising, masmuch as several 
mvestigators have called attention to the fact that the rates of oxidation 
or the pathways of metabohsm of prolme and hydroxyprohne are not 
identical (16, 4, 5, 17) 

The data m Table V mdicate that even argimne, the most potent of the 
four ammo acids under mvestigation, is mcapable of effectmg as satisfactory 
growth as when all are mcluded m the food Under the latter condition, 
much of the supplementary activity is attributable to the glutanuc acid 
though prohne may be helpful to a very limited extent These observations 
may be mterpreted m at least two ways The first alternative is to regard 
glutamic acid as an essential amino acid under the definition postulated m 
this laboratory to the effect that such a compound is “one which cannot be 
synthesized by the animal organism, out of materials ordinarily available 
to the cells, at a speed commensurate with the demands for normal 
growth” (1) Perhaps the classification of glutanuc acid in this way would 
be the more consistent course of action However, as pomted out above, 
glutamic acid is much less effective than argimne when admimstered alone 
Furthermore, even when the diet contams 2 0 per cent of glutamic acid, 
together with small amounts of prolme and hydroxyprohne, the addition 
^ )f argimne greatly accelerates growth (1) All tests appear to point to 
argimne as the critical member of the group In view of this fact, we are 
tentatively adhermg to the other obvious alternative, namely, the postulate 
that the three ammo acids are mutually mterconvertible, and that differ- 
ences in their actmty when administered alone or m combmation are 
referable to the rates at which they are transformed mto each other We 
have emphasized on several occasions m other connections that the classifi- 
cation of an ammo acid hke argimne or glutanuc acid as dispensable or 
indispensable is purely a matter of defimtion The important point is the 
demonstration that, though beneficial m the diet, they are very different 
from ammo acids hke tryptophan, leucme, phenylalamne, etc , which 
apparently cannot be sjmthesized at all m the organism of the rat 

Fmally, it is w orthy of note that reactions of mterconversion are not the 
only means whereby argimne, prohne, and glutamic acid can be manufac- 
tured in VIVO This IS shown clearly by the fact that moderate growth 
occurs when all three compounds, m addition to hydrox 3 T)rohne, are 
excluded from the food 


SUMMA-RT 

Expenments have been conducted to determine the dietarj^ sigmficance 
of prohne, hydroxyprohne, and glutamic acid For this purpose, tests 
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}n\c been nrned o»it upon more flnn 300 joung rats The data demon- 
si nlo lint the addition of prolino or gluHmic acid to a diet bIucIi is devoid 
of the three ammo acuk in quc'=tion and of arginine leads to a statistically 
significant increa«c in the mean gam of the subjects Neither piohnc nor 
glutamic acid n ncarh as cfTectne as arginine Under like circumstances, 
a moderate amount (1 0 per cent of the diet) of hj droNjTirolino exerts no 
beneficial effect, and a larger proportion (3 41 per cent) inhibits growi-h 
The abo\c findings arc interpreted ns indicating that arginine, proline, 
and glutamic acid arc mutuall} intercom ertiblc in the organism of the rat, 
but at different rales as exemplified bj' their different influence upon 
growih The glutamic acid data provide indirect eandcnce, for the first 
time, that this ammo acid maa be transformed ^n vivo into prolme or ar- 
ginine Hjdroxa proline either is not converted into the other members 

of the group, or the reaction proceeds too slowly to be detected b 3 ' the 
growth method 

Companions of the effects of arginine alone, and of arginine, prohne, 
IndroxaTirolinc, and glutamic acid administered simultaneously, demon- 
strate that the rate of gain is moderatel}' improved when all four ammo 
acids arc present in the food The superiority of the latter ration is due 
largely, if not entirely, to the inclusion of glutamic acid A ration con- 
taining prolme and arginine fails to induce a statistically significant im- 
proaement m growth oacr one containing arginine alone 
Intercona crsions of arginine, prolme, and glutamic acids are not the 
only means aaherebj’’ these ammo acids can be manufactured zn vivo 
This IS made evident by the fact that moderate groavth occurs when all 
three compounds, in addition to hydroxyprolme, are excluded from the 
food 

Hydroxyprolme has been shown to be a dispensable ammo acid Prolme 
also belongs to the dispensable group but, m the growing rat, can replace 
m part the arginine requirement The status of glutamic acid is less 
certain Tenlalwcly it is regarded as non-essential, but its final classifica- 
tion must await the results of additional experiments 
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BIOTIN, CHOLINF., INOSI'IOL, 7)-AMINOBENZOIC ACID, 
AND VnnMIN Be IN TIL\NSPLANTABLE MOUSE 
C\BCINOMVS \ND IN MOUSE BLOOD* 

Br M G nrrCHEV, L r BICKS, and E L TATUMt 

(f rom the Barnard Free Shn and Cancer Hospital anrf the Department of Anatomy, 
iro'Atnp/cn bmrer’^tt / School of Medicine, St Loins, and the Department 
of Biology, Stanford Unircrsitij, California) 

(Rcccn cd for publication, July 7, 1047) 

The le\rls of biotin, choline, inositol, p-aminobcnzoic acid, and of the 
Mlamin Be complex in niou'c epidermis treated amIIi the potent carcinogen, 
methj Ichohnthrcnc, hate been determined b}' Tatum cl al (1) as part 
of a studj’ of the mechanism of the production of epidermal cancers m 
mice Except for one aaluc for choline (2), there are no reports m the 
literature on the leads of B vitamins in methylcholanthrcne-produced 
skin carcinomas The amounts of biotin, choline, inositol, p-aminobenzoic 
acid, and of the aitamin Be complex in a transplantable squamous cell 
carcinoma haa c noaa been determined Since it avas not possible to obtain 
tumor samples free of blood, it aaas necessary also to assay mouse blood 
for these aatarains This paper summarizes the results of these determina- 
tions 


E\PEH1MENT\L 

Tumors — The tumor type analyzed aa'as a squamous cell caremoma 
descended from a transplantable carcinoma avhich Cooper, Firminger, 
and Roller (3) had originally produced in the epidermis of a Swiss mouse 
by the topical application of methylcholanthrene There are certain 
defimte advantages in analyzing transplanted tumors rather than carci- 
nomas individually produced by methylcholanthrene As has been men- 
tioned by Suntzeff and Carruthers (4), the transplanted tumors have 
less necrosis and keratinization and show more unifoiirnty in the type of 
malignant cells present than do tumors individually produced upon the 
skin Transplanted tumor tissue is less hkely to contam connective tissue 
mixed with the tumor tissue Finally, the transplanted tumors grow 
much faster than do the tumors ansing on the skin 
The tumors were grown subcutaneously in 6 week-old Swiss mice of both 
sexes Suntzeff and Carruthers (4) found that the rapidly growmg trans- 

* Aided by grants from the Jane Coffin Childs Memonal Fund for Medical Re- 
search, the Charles F Kettering Foundation, and the National Cancer Institute 
t Present address, Department of Botany and Microbiology, Yale Umversity, 
New Haven, Connecticut 
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plants began to show some necrosis when less than 10 mm m diameter, 
and therefore analyzed tumors 5 to 8 mm m diameter Except as in- 
dicated m Table II, we also have sacrificed the ammals when the tumors 
measuied from 5 to 8 mm m diameter, about 12 days after implantation 
Even tumors as small as this sometimes showed central necrosis Tumors 
vere collected from five different generations of transplants,^ the most 
recent bemg the thirty-eighth generation The nucroscopic appeal ance 
of the different transplanted tumors was quite similar, showmg sohd sheets 
of mahgnant epithelial cells with relatively shght keratm formation In 
preparmg the tumors for analysis, the connective tissue capsule was re- 
moved, the tumor blotted with a good grade of filter paper to remove 
adlierent blood, any necrotic tissue scraped away, and the tumor cut mto 
small pieces Pooled samples were dried and stored m vaciio over phos- 
phorus pentoxide, as previously described (1) Tumors from about twenty- 
five rmce were required to give a dried sample weighing approximately 
0 5 gm 

The preparation of the tumor tissue extracts for microbiological assay 
and the methods of assay of biotm,^ cholme, mositol, p-aminobenzoic 
acid, and the vitamm Be complex with normal and mutant strams of Neu- 
•^ospora were the same as were previously used for the corresponding 
nolyses of mouse epidermis durmg methylcholanthrene carcinogenesis (1) 
These five members of the vitamm B complex make a convement group 
for investigation, smce the same method of tissue hydrolysis is adequate 
for each vitamin, and smce each substance can be satisfactorily determined 
with a specific stram of Neurospora (1) In order to facihtate the hberation 
of the vitamins from the tissue by the sulfunc acid hydrolysis, the dried 
tumor samples were finely ground m a small mulhte mortar and then 
rediied before being used 

Blood — Tumors, at least when still comparatively small, are usually well 
supphed inth blood vessels Although some blood could be removed 
from the mouse tumors by blottmg, the nunced tumor tissue had a shght 
but defimte pink color due to the presence of blood It was therefore 
necessary to determine whether any of the ntamm B factors under examma- 
tion were present m mouse blood m amounts sufficiently high to affect 
the tumor determmations In the previous assays of epidermis it had not 
been necessary to consider the vitamm levels of the blood, since epidermis 
IS avascular 

Healthy female Swiss mice, about 8 weeks old, which had been fed Rock- 
land mouse pellets and water ad libitum, were anesthetized with ether, 

» The tumors used for transplanting were obtained through the courtesy of Dr 
V Suntzeff 

* The biotin used in this work was kindly supplied by Merck and Company , Inc , 
Rahway, New Jersey 
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nnd blood \\ driwn from tlio riRht \entriclc of the heart or from 

the inferior \ona oa\ i In ail oa'=e'', the blood ^\ns ^\lthdra^^n at the same 
time of daj, about 3 ji m Ihe blood was transferred from the syringe 
to a weighing bottle rontaining a weighed .amount of sodium citrate which 
had been o\en-dricd m the bottle On an aacrage, 0 4 gm of blood was 
obtained per mou^e The remoaal of this amount of blood resulted m 
the death of the animaK Since the blood was being studied m rcLation- 
«hip to the tumor'', the blood simples were dried, ground, extracted, and 
assaacrl m the ‘-ame manner as the tumor <5amplcs 
The \aluc‘= obtained for the content of biotin, choline, inositol, p-ammo- 
benroic acid, and a itamin Bf m mou=c blood are gia on m Table I, calculated 
m micrograms per gm of dr\ a\ eight, m order to facilitate comparison w ith 
the tumor result": Both tissues had a aaatcr content of SO 5 per cent as 

TvBLr I 

Content of Ftic Vttamtn D Factors tn Mouse Blood 
The a fihiea are gia cn for pooled samplcB of blood and arc expressed m micrograms 
per pm of dned blood, with the aa crapes in parentheses 


Vilamin B factor 

Sample I j 

1 

Sample II 



Sample V 

Over all 
a\ erage 

Biotin 


0 030 

0 04S 

0 144 

0 021 

0 064 




0 053 

0 157 

0 032 





(0 050) 

(0 150) 

(0 026) 


Chohne 

1105 

S94 

326 ! 

623 

1658 

947 




540 

478 






339 

740 






(404) 

(014) 



Inositol 

i 330 

21S 

326 

395 

410 

336 

p Aminobenzoic acid 

1 51 

1 54 

1 46 

1 40 


1 49 

Bt complex 



2 10 

2 36 

2 01 

2 16 


determined by drying for GO hours tn vacuo over phosphoius pentoxide 
No figures on the lea'cls of any of these five vitamins m mouse blood w^ere 
found m the literature Lea'els of inositol and vitamin Be have not pre- 
viously been reported for the blood of anj"- animal As is shown m Table 
I, some of the blood samples, each of w"hich consisted of the blood from 
four mice, differed consideiably in biotm content The aaerage biotin 
Value was 0 064 y per gm of dry weight, or 0 0125 y per cc Burk et al 
(5) reported values of 0 015 to 0 035 y per cc in the blood of rats being fed 
p-dimethylanunoazobenzene Our results mdicate also considerable varia- 
tions among mice in the chohne content of blood This probably reflects 
variations in lecithin The average chohne value was 947 y per gm of 
dry weight, or 185 y pet cc This is about the same as Luecke and Pearson 
reported for the plasma of horses and cattle (6) and of dogs (7) 
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The blood mositol level varied less than did the biotm and cholme levels 
The average value for mositol was 336 7 per gm of dry weight, or 66 7 
per cc p-Ammobenzoic acid and vitamin Be showed almost no vanations 
among the different groups of mice p-Aminobenzoic acid averaged 1 49 
7 per gm of dry weight, or 0 29 7 per cc Pennington found 0 03 7 per 
cc of p-ammobenzoic acid m human blood (8) The vitamin Be assays 
gave an average value for mouse blood of 2 16 7 per gm of diy weight, or 
0 42 7 per cc 

The values obtamed for the five vitamm B factors m the transplantable 
mouse tumor are summarized m Table II As m the studies on epidermis 
(1), dry weight of tissue was used as the basis of reference It was found 

Table II 

Content of Five Vitamin B Factors in Transplanted Mouse Carcinoma 
The values are given for five pooled samples of tumors, and are expressed in 
micrograms per gm of dried tumor, with the averages in parentheses 


Vitamin B factor 

1 

Sample I 

Sample H 

Sample III 



Over all 
average 

Biotin 

0 162 

0 140 

0 158 

0 133 

0 154 

0 149 

Choline 

5550 

6450 

6100 

6602 

6108 

6240 


6525 


5900 





(6038) 


(6000) 




Inositol 

894 

1164 

1255 

1043 

1427 

1154 


952 

995 

1310 





969 







(938) 

(1080) 

(1282) 




p Ajiunobenzoic acid 

3 64 

2 95 

3 80 

2 28 

2 78 

3 09 

Bt complex 

3 10 

4 64 

2 99 

5 54 

4 47 

4 10 


3 85 

4 29 

4 10 

3 56 




(3 48) 

' (4 46) 

(3 55) 

(4 55) 




* Tumors harvested at 21 days 


unnecessary to correct the tumor values for blood for the foUowmg reasons 
Suntzeff and Carruthers (4), by determmmg the iron content of mouse 
blood and of transplanted carcinomas, showed that, even if all of the iron 
m the tumors were present as hemoglobm, the blood content of the tumors 
could not exceed 5 per cent It is probable that much of the uon m the 
tumors IS not hemoglobm iron, smce the completely avascular hyperplastic 
epidermis which gives nse to tumors contains about the same amount of 
iron (9) as the tumors Our results show approximately 5,0 per cent as 
much p-ammobenzoic acid and vitamm Be m blood as m the tumors, while 
the other vitamins were found m the blood at lower relative levels When 
the amounts of the vitamins m the tumors were corrected for blood vitamin 
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content, nsMiminp; T) pop rent Mood in tlic tumors, it was found tint the 
rfciultmit dniiRcs m tlir tumor \'ilu&s were ncgligililc For each of the 
\ttamin B factor'-, the change in the tumor \ iluc was less than the spread 
Mween replicate av-iU'’ of tlio •-ime tumor *:implc 

For the tumor cample'-, the levels of the indnidual vitamin B factors 
vaneil leas from one ciniple to another than was the case with the blood 
samples This mav have been due to the fact tint, whereas four mice were 
represented in carh blood s-imple, twentv-two to forty-one mice were 
rcprcpcnted in each tumor s.implc, except tumor Sample V (Table II) 
This latter sample consisted of onlv sc\cn tumors, which were collected 
21 davs after implantation, and v\cre therefore considerably larger, as 
well as somewhat more necrotic, than the 12 day carcinomas comprising 
the other samples \ssavs for choline, inositol, and vitamin Bg were 
repeated on some of the tumor hvdrolj sates because of a spread m the 
values for these vitamins (particularly Be) among the different groups of 
tumors The results of the difTcrent assav runs agreed fairly well (Table 
11 ) 

The average biotm content of the transplantable mouse carcinoma 
was 0 149 7 per gnr of drv weight, and the p-aramobenzoic acid values 
averaged 3 09 7 per gm of dry weight No figures were found in the 
literature which can vahdlv lie compared with these vmlues The average 
of G240 7 of choline per gm of dr}' weight found for the mouse carcinoma 
13 about the same as that reported by Hav cn and Lev'}' (10) for transplanted 
rat carcinosarcoma 250 The av crage value found for inositol m the mouse 
tumor, 1151 7 per gm of dr} weight, is higher than the values reported 
bv Pollack, Ta}lor, and Williams (11) for cancers of the skm and breast in 
mice, and the p}'rido\inc levels reported by these authors w'ere somewhat 
lower than our findings for the whole vitamin Be complex The average 
v'ltamm Bg content of our transplantable mouse carcinoma was 4 10 7 
per gm of dry w eight 

Table III compares the lev'cls of the vitamin B factors m the transplanted 
carcinomas with their levels m normal and tieated epidermis By using 
the technique of Baumberger, Suntzeff, and Cow'dry for heat separation 
of the two layers of the skin, epidermis uncontaminated by dermis can 
easily be obtained (12) and serves as an excellent control tissue for use m 
chemical studies of epidermal carcinogenesis (9) Similarly, epidermis 
rendered hyperplastic by the topical application of 0 6 per cent methyl- 
cholanthrene m benzene is obtained entirely free from dermis There- 
fore, values of vitamin B factors in the transplanted tumors, which were 
descended from an epidermal carcinoma produced by application of methyl- 
cliolanthrene and which had continued to be squamous cell carcinomas, 
can validly be compared with the values found for normal epideimis, for 
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epidermis pamted with methjdcholanthrene in benzene, and for epidermis 
painted with benzene alone (1) 

Of the five ^^tamms studied, all except biotm mci eased m the tumors as 
compared both with the normal and the treated epidermis Cholme 
showed the greatest change, the tumor value bemg 2 5 tunes greater than 
m normal epidermis This compound mcreased only slightly m the methyl- 
cholanthrene-treated epidermis, the nse perhaps bemg due to the benzene 
rather than to the carcmogen, smce the elevation was more marked m the 
benzene-treated epidermis Jacobi and Baumann (2) found less chohne 
m a mouse skin cancer than m several normal \usceral organs, but did not 
study skin or isolated epidermis The level of mositol, which had been 
very little affected by treatment of the epidermis over a 2 month penod, 
rose m the tumors to 219 per cent of that in normal epidermis p-Ammo- 

Table III 

Summary of Content of Five Vitamin B Factors in Mouse Tissues during 
Methylcholanihrenc Carcinogenesis 

The values given are expressed in micrograms per gm of dried tissue, and as per 
cent of the values for normal epidermis 


B factor 

Nonnal 

epidennis 

Benzene treated 
epidennis 

M ethylcholanthrene- 
treated epidermia 

Transplanted car 
emomas 


7 per (m 

7 per sm 

per cent 

7 per gm 

per cent 

7 per gm 

percev! 

Biotm 


0 194 

99 

0 125 

64 

0 149 

76 

Choline 

2471 



2651 

107 

6240 

252 

Inositol 

526 

568 

108 

547 

104 

1154 

219 

p-Aminobenzoic acid 



96 

2 40 

100 

3 09 

129 

Bt complex 

2 45 

2 88 

118 

3 05 

124 

4 10 

167 


benzoic acid behaved somewhat similarly m that the level of this factor 
shoved no change vith methylcholanthrene or vnth 
was somevhat increased m the carcmomas, reachmg J 
The value for vitamin Be mcreased from 118 per 
benzene-treated epidermis, to 124 per cent ’ 
treated epidermis, and to 167 per cent m tk 
Of the fi^e \itamm B factors, biotm 
cholanthrene-pamted epidermis The 1 
one vhich in the tumors fell below that 
its level m the carcinomas, 76 per cent > 
m the hjTierplastic epidermis, where it 
and Woglom (13) and Kidd, 'Wmzler, 
rabbit skm tumors, but both these ^ •• 
difficulties of obtaming good control 


aiorp but 
lal 
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fonnd bintui luphcr in the tumors thsn m the skin, but did not assay isolated 
cpidrmn^ 


DISCUSSION 

It IS peril ip'' ‘-icnificsnt tint the two factors which show'ed the greatest 
nso in roneentration in the carcinoma tissue compared with their concentia- 
tions in norm il epidermis are known to be concerned in lipidc metabolism 
and to oeeiir a<5 con'-tituenls of animal hpides Choline rose to a level of 
252 per cent of that in normal epidermis, and inositol increased to 219 
per cent I lie inerea''C in choline, as a constituent of lecithin, may well 
be related to ihc increased jihospholipidc content of mouse epidermal 
tumors, both induced and transplanted, found in other e\periments by 
one of u'l ® Jlie incroisc in inositol may also be correlated watli phos- 
phohpidc if inositol is present in tumors in a eombined form such as the 
inositol-conl lining iiliosphatidcs found by Folch (15) in brain “cephahn ” 
T)ie=c eonsiderations might suggest the possibility of modifjung tumor 
growth bj controlling the a\ ailabilit}' of choline and inositol The avail- 
able c\pcrimcntal results bearing on this question are difficult to mterpret 
Jacobi and Baumann (2) failed to detect anj effect of the dietary choline 
le\cl on the survnal time of mice bearing epithelial tumors produced 
b\ mctlnlcholanlhrcnc Lasrlo and Lcuchtenberger (16) claimed that 
inositol gi\ cn intra\ cnou«l}'’ markedlj' decreased the size of tumors m mice 
in a JS liour period, but found that oral or subcutaneous administration 
of inositol had no effect 

The changes in the le\cls of the other three vitamins studied may be 
interpreted as accompanying alterations m nitrogen metabolism in the 
tumor, since each a itamin has been implicated more or less directly wath 
some pha«e of metabolism of nitrogen compounds The role of vitamin 
Be m amino acid metabolism and sjmthcsis has been w^ell established (17- 
19) The suggestion from the wmrk of Winzler, Burk, and du Vigneaud 
(20) that biotin is concerned wath nitrogen assimilation has been strength- 
ened by the finding of Stokes, Larsen, and Gunness (21) that this vitamin 
plays a r61e in aspartic acid synthesis in lactic acid bactena In addition 
to the presence of p-aminobenzoic acid in the fohe acid molecule (22), 
this substance has been linked with the synthesis of methionme and 
certain punnes in bactena (23-25) 

One IS perhaps justified in viewing the change from normal epidermis to 
carcinoma as a temporal sequence of changes in the biochemistry and 
metabolism of the cells involved From this aspect, a change which is 
evident in early carcinogenesis with methylcholanthrene may be more 
directly related to the process of carcinogenesis than a change detectable 

’ Wicks, L r , unpublished findings 
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only at a later stage in the developed tumor The data summarized m 
this paper indicate, m hne inth this interpretation, that biotm is of pn- 
mary significance m methylcholanthrene carcinogenesis This may also be 
true for mtamm Be, since the vahdity of the increase previously found 
for hyperplastic epidermis (1) is strengthened bj’- the still higher value 
found for the tumor Pei haps the other three ntamin B factors, cholme, 
mositol, and p-aminobenzoic acid, are less directly concerned vuth carcmo- 
genesis than vath groirth and metabolism of the tumor itself, smce none 
of these factors changed sigmficantly m epidernus during methylcholan- 
threne-mduced hyperplasia 

Information is now available on the changes in hpides (26), m ascorbic 
acid and some of the metals (27), and in five members of the vitamin B 
complex during epidermal carcmogenesis However, more mformation 
on the biochemistry of carcmogenesis, as well as on the metabolic functions 
of all of these tissue constituents, wtU be required for a critical evaluation 
of the significance of the changes so far observed 

SUMMARY 

The levels of biotm, chohne, mositol, p-aminobenzoic acid, and vitamin 
Bs have been determined m a transplanted epidermal carcinoma m mice 
and in mouse blood Neurospora mutant strains were used for the bioas- 
"says 

The levels of these ntamm B factors in mouse blood are low er than m the 
epidermal carcmoma 

Chohne and mositol, which had shown little change m methylcholan- 
threne-treated epidermis, mci eased most m the tumors, chohne reaching 
252 per cent of the value for normal epidermis and mositol 219 pei cent 
of the normal 

The concentration of biotm m the tumors w as somew'hat below the level 
for normal epidermis, but w as not as low as m the hyperplastic epidermis 

The vitamin Be complex, w hich had risen to 124 per cent m the hyper- 
plastic epidermis, was elevated to 167 per cent m the carcmoma 

p-Aminobenzoic acid, which had remained at the normal level in the 
treated epidermis, increased to 129 per cent m the tumors 

The possible significance of these results is discussed m relation to methj 1- 
cholanthrene-mduced epidermal carcmogenesis 
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STEROID LACTONES 


I THE OXIDATION OF ESTIIONE ACETATE TO THE LACTONE ACETATE 

01 ESTROEIC \CTD* 

ROHERT P JACOBSEN 

(From the B'orcf^lcr / oii7idn(ion for LxpCTvncntal Biology, Shrewsbury, and the 
Department of Phiriology, Tufts College Medical School, 

Medford, Massachusetts) 

(Rccci\c(l for publication, Maj 19, 1947) 

The ovidation of a steroid ring ketone to a lactone according to the 
scheme 


C==0 



was first reported bj Gardner and Godden (1), who obtained two lactones 
from the ammonium persulfate oxidation of coprostan-3-one The produc- 
tion of one of these was later confirmed b 3 '- Burckhardt and Reichstein (2), 
who obtained the lactone (I) bj'- porbenzoic acid oxidation of coprostanone 
and reported the preparation of similar lactones from cholestan-3-one, 
methjd 3-keto-12(a)-acetoxvcholanate, methyl 3-keto-ll-cholenate, and 
methyl 3-ketocholanate These investigators reported further that under 
the conditions emplo 3 'ed for the 3-keto compounds neither methyl 3(a)- 
acetoxy-12-ketocholanate nor allopregnan-3(a)-ol-20-one acetate formed 
lactones Recently, other lactones from 3-keto steroids have been pre- 
pared by Ruzicka, Prelog, and Meister (3) in connection wath a study of 
the relationship betw een the structure and odor of certain androstane and 
etiocholane derivatives 

Westerfeld (4) has reported the oxidation of the 17-keto steroid, estrone. 
With alkabne hydrogen peroxide to form in low 3 neld a spanngly soluble 
Cis-lactone melting at 335°, which was characterized by the formation 
of an acetate melting at 143 5-145° and a methyl ether melting at 166-168° 
He formulated the reaction as involving the cleavage of Ring D, either 
between carbon atoms 16 and 17 or, more probably, 13 and 17, followed 
by the addition of the elements of hydrogen peroxide to give an inter- 
mediate dihydroxy acid (II), which lactonized on acidification of the re- 
action mixture to form III Westerfeld, subsequently confirmed by Smith 
(5), established the estrogenic potency of the hydroxy lactone (III) 

The work described in this paper was supported by a grant from G D Searle 
and Company 
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(actually an alkaline solution ^of the corresponding dihydroxy acid or 
“open form”) as being about one-fiffceenth that of estrone The latter 
investigator reported further that this matenal stimulated the secretion of 
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gonulolropic nnd Klronopoiticotropir hormones b\ the pituitarics of 
nnturc nnle i (o i much greater degree than could he accounted for 
done 1)3 the cstrogenu uti\it\ of the suhstance 

We ln\c begun an mvcstigition of the o\Khtion of a \anot3" of keto 
steroids m ordei to prepare the lictoncs and then derivatives for physio- 
logical stud\ In this first report is described the oxidation of estrone ace- 
tate to form the lactone acetate (IV) of a diii3dro\3 acid (^mi) uhich 
for com enience has been gi\ en the name estrohe acid 

As a method for the preparation of estrohe acid derivatives, the oxida- 
tion procedure of Westcrfeld vas found to be unsuitable Estrone acetate 
u as therefore oxidized u itli a large excess of h} drogen peroxide m acetic 
acid solution The crude ciastalhnc lactone acetate, uluch was obtained 
in 57 to G 3 per cent 3 icld, was purified b3' alkaline Itydrolysis, followed by 
carbonation of the aqueous alkaline solution to precipitate a small quantity 
of unaltered estrone The purified l^'drox}' lactone (Illb), which was 
obtained b3 subsequent acidification and heating, w^as then acet3dated to 
produce pure IV, the corresponding propionate {V) and benzoate (W) 
were also prepared 

The mcth3'l ether (^TI) of Illb was prepared directly with methyl iodide 
and siher oxide or 1)3' dissolving (with saponification) the lactone in hot 
sodium hydroxide and treating the solution with dimcth}'! sulfate From 
the alkaline saponification mixtuie of IIIl) was also obtained the parent 
dih3'droxy acid (^TII) 1)3 careful acidification with mineral acid m the cold, 
while the partial acidification of this alkaline solution with carbon dioxide 
afforded the cr3stallino sodium salt (IX) of the free phenol The methyl 
ether (VII) w as similarlv saponified and the resulting chilled solution w as 
acidified to produce the mcth3d ether acid (X) Treatment of the car- 
bo\3hc acids VIII and X with ethereal diazomethane formed the methyl 
esters XI and XII, the first of which on treatment wnth benzoyl chloride 
in p3Tidine solution formed the benzoate of Illb, instead of that of XI, 
together w ith a non-crystalline fraction The latter, after alkaline hydroly- 
sis, yielded a small crystalline fraction, m p 1 G 7 - 171 °, wdiich could not be 
successful^' purified for ana^'sis 

In an effort to characterize the third oxygen function of estrohe acid 
(■(Til), several unsuccessful attempts w'ere made to dehydiate its methyl 
ester, m all experiments the principal product was the hydroxy lactone 
(lllb), with only traces, too small to manipulate, of other crystalline 
alteration products 

Pursuing this aim further, it seemed to us reasonable to suppoes that 
the lactone itself, if it is of the 6-substituted S-lactone type, might undergo 
Clemmensen reduction' to give a mixture of stereoisomeric anhydrodih3'dro- 

' Unpublished observations f’ce Martin, in Adams, R , Organic leactions, New 
■iork, 1, 162 (1942) 
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estrolic acids The reduction of the lactone acetate (IV) inth amalgamated 
zanc and hydrochlonc acid in acetic acid was found to proceed smoothly, 
with the production of a mixture of crystalline acids, the resolution of 
which IS being undertahen and wiU be descnbed later 
The formulation of estrolic acid O^Ifl) as a 1,2-disubstituted 2-methyI- 
7-hydro\y-l ,2,3,4,9,10,11, 12-octahydrophenanthrene rests largely on its 
preparation from estrone and on the functional derivatives descnbed above 
The arrangement of the substituents at Ci and C 2 as in Ila seems improbable 
on the grounds that this structure resembles that of the polyhydrophen- 
anthrene carboxyhc acids of the mamanohc acid type, in the esters of 
which the tertiary carbomethoxyl has repeatedly^ been observed to be more 
resistant to alkahne h 3 'drolysis than the primary carbomethoxyl of an 
adjacent (Ci) acetic or propionic ester group The carbomethoxyl group 
in XI appears to be of the latter type, smce it is easilj^ hydrolyzed by warm, 
aqueous, methanolic potassium bicarbonate to form the hydroxy lactone 
(Illb) m nearly quantitative yield 
It should be noted further than an acid of the partial structure Ila of 
the doisjmolic acid type of compound would be expected to possess rela- 
tively high estrogemc activity Actually, estrolic acid and its denvatives 
- show less than 0 01 the activity® of estrone 

Among the derivatives (Illb, IV, and VII) of estrohc acid reported 
here which parallel those of III prepared by IVesterfeld, there may exist 
chemical similanties, but their identity is senously open to question on 
physiological grounds Westerfeld’s lactone (III) m the Allen-Doisy assay 
is over 6 times more active than Illb admmistered m the same manner and, 
more stnkmgly still, it possesses pituitary-stimulating action,® while estrohc 
acid and its derivatives actually inhibit® the secretion of gonadotropic 
hormone by the pituitary glands of immature female rats 

Work m this laboratory is continuing on the oxidation of a vanety of 
keto steroids and on the elucidation of the structure and con6guration of 
the products obtamed 


EXPERIMENTAL® 

Oxidation of Estrone with Alkaline Hydrogen Pefoxide — Estrone (0 60 
gm ) was oxidized at 30° in tivo experiments according to the method of 

* Numerous examples are to be found in the publications of Bachmann and co- 
workers on the synthesis of sex hormones (see (6) for the most recent paper of this 
senes), and those of Miescher el at ((7) Paper XVI) on the estrogemc carboxylic 
■acids 

» A full report of the phjsiological studies will be made in a separate paper 

* This has been observed (private communication from Dr 0 W Smith) m im- 
mature female rats as well as in mature males 

‘All melting points were determined in open capillanes with total immersion 01 



n r TAConsLN 


65 


Wcstcrfcld (1) The combined solid (0 36 gm ) obtained by acidification 
of the reaction mixture*^ was saponified with aqueous sodium hydroxide 
and the resulting cooled ■solution was saturated with carbon dioxide This 
scixcd to precipitate 0 13 gm of unaltered estrone, which was removed 
bv filtering the suspension through moist fullers’ earth The filtrate was 
acidified and warmed, and the precipitate (0 14 gm ) was collected This 
“lactone” fraction was acct^lated and the product was taken up in ether 
and w’ashcd succc'^sneK with dilute hjdrochlonc acid, water, and sodium 
bicarbonate The last remoaed 0 01 gm of acidic material, which was 
discarded The neutral fraction cr3stalhzcd very slowly from aqueous 
methanol to give 0 09 gm of solid melting at 124-135° After further 
rectysinlhzation, this melted at 127-130° and no pure substance IV could 
be obtained from it The Allen-Doisj’’ unit was found to be about 10 7 

Oxidation of Estrone Acetate ttilh Hydrogen Peroxide in Acetic Acid — To 
a solution containing 2 5 gm of estrone acetate (m p 125-126°) in 20 ml 
of glacial acetic acid were added 13 5 ml of 30 per cent aqueous hydrogen 
peroxide The solution was allowed to stand in the dark at 35° for 60 
hours The reaction mixture was then gradually diluted wath water until 
the co’stallization of the product was complete In several such expen- 
ments, the crude product melted at 144-148° and was obtained in 57 to 63 
per cent jneld 

The aqueous mother liquor, which contained the alteration products of 
about 40 per cent of the estrone acetate used, w as cooled, treated with sulfur 
dioxide, and concentrated at 40° under diminished pressure The residue, 
part of which w as sparmgl}’’ soluble in w ater, provided no additional crystal- 
hne matenal 

In many onentmg oxidation expenments the proportion of the reactants 
and the reaction temperature w ere varied wathin wade limits in estabhshing 
the optimum conditions described above 

Estrololactone (Illb) — ^The crude product (6 94 gm ) from several estrone 
acetate oxidations was suspended in 150 ml of 20 per cent methanol con- 
taining 25 to 30 ml of 10 per cent sodium hydroxide and heated on the 
steam bath until the solid dissolved (1 to 2 hours) The resultmg solution 
w'as diluted wath 75 ml of water, cooled to 15°, and saturated with carbon 
dioxide (neutrality to phenolphthalein), the latter precipitatmg 0 32 gm 


the thermometer stem or w ith a thermometer graduated for partial stem immersion 
Melting points marked “block” were determined in a preheated alunnnum block and 
Were taken as the temperature at which the compound actively melted during a 
period of 1 or 2 minutes Samples for analysis were dried at 110° and 0 05 mm over 
phosphorus pentoxide, except as otherwise noted Microanalyses were performed 
by Dr Robert T Dillon and staff of the Analytical Division of G D Searle and 
Company, whose assistance in this work the author gratefully acknowledges 
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of unaltered estione This r\as lemoved by suction filtration, mth a small 
amount of fullers’ earth as a filter aid, and the filtrate was strongl}'- acidi- 
fied with hydrochlonc acid and u armed to 60-65° to piomote the lactoni- 
zation of the precipitated acid Aftei about 30 mmutes, the suspension 
was cooled and the finely divided, crystalline lactone Avas collected This 
mateiial (5 7 gm ), meltmg at about 330° (block), serAi-ed m most instances 
for the preparation of the functional derivatives described beloAV It is 
A'ery sparingly soluble in most organic solvents and AAas purified by re- 
crystallization from cyclohexanone or methyl cellosolve, from A\hich it 
separated m the form of small prisms melting at 339° (block) Westerfeld 
(4) reported a melting point of 335-340° for his lactone The sample for 
analysis was dried at 135° 

CisH.jOj Calculated C 75 49, H 7 74 
Pound “ 75 23, “ 7 72 

“ 75 51, “ 7 83 

Esters of Bsirololaclone (a) Acetate (JV) — ^The acetylation of 5 7 gm 
of the precipitated Illb A\'as accomphshed by heatmg it Aiith 10 ml of 
acetic anhydnde m 15 ml of pjoidme foi 2 hours on the steam bath The 
product was decolorized by dissolving it m carbon tetrachlonde and filtenng 
the dried solution through a 2 X 8 cm column of 80 mesh Alorco-A alumina 
The colorless, crj’-staUine residue from the eluate and AA’ashings crystalhzed 
from methanol m heavy, diamond-shaped crystals (5 51 gm ) melting at 
149-150 5° = -h42° (c == 0 277, chloroform) Westerfeld (4) 

reported 143 5-145° for the acetate of III 

C-oHjtOi Calculated C 73 14, H 7 37 
Found " 73 47, “ 7 48 

“ 73 28, “ 7 49 

(6) Propionate (F) — A suspension of 0 20 gm of precipitated Illb in 
1 ml of propionic anhydnde and 1 ml of pyridine was heated for 2 hours 
The product crystalhzed from aqueous methanol m the form of needles 
melting at 146-148 5° 

CjiH 60< Calculated C 73 66, H 7 65 

Found “ 73 72, “ 7 70 

“ 73 93, “ 7 80 

(c) Benzoate {VI) — The benzoylation of 0 20 gm of Illb with 1 ml of 
benzoyl chlonde m 4 ml of pjo-idine and recrj’^stallization of the product 
from ethanol or acetone formed small needles Aihich melted at 241-244 
The sample for analysis Avas dned at 135° 

C 2 sH"tO< Calculated C 76 90, H 6 71 

Found " 77 19, “ 6 78 

“ 76 91, “ 6 74 
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^fdhuI Elhcr of Edroloaclouc (VTI ) — -130 mg of Illb were saponified 
In refinMiig Ihe suspension in a solution of 0 17 gm of pot issium hj’-dro\ide 
m 20 ml of n-propmol until the solid completel}' dissohed After the 
alcohol was rcmo\od under diminished picssure, the residue in 10 ml of 
water was shaken at 50-00° with seacral 0 2 ml portions of dimethyl sul- 
fate, the solution being maintained alkaline to phenolphthalein with 10 
per cent potassium In dro\ido The separating solid began to turn yellow 
and gather into lumps after 1 0 ml of dimethyl sulfate had been added 
At this stage, the reaction mixture was acidified and the solid was saponi- 
fied with aqueous methanohe potassium hjdroxide The hot, methanol- 
free solution was then strong!} reacidified and the product was crj’-stallized 
from aqueous methanol to gi\ e 0 3S gm of small, flat needles meltmg at 
107-172° Repeated reerj stalhzation served to raise the melting point 
to 172 5-174° "Westerfeld (4) reported 100-108° for the methyl ether 
of III 

Calculated C 75 07, H S 05 
Found “ 75 94, “ S 00 
“ 76 06, “ 7 92 

The methyl ether was prepared from Illb (0 22 gm ) with methyl iodide 
(5 ml ) containing sih cr oxide added m three 0 2 gm portions during a 
refluxmg period of about 30 hours As the lactone slowly dissolved, a few 
lumps of Driente w ere added to the boiling suspension The crude crystal- 
line product (0 15 gm ) melted at 107-171 5° and this melting pomt was 
not depressed by admixture with pure matenal prepared by the alkah- 
diraethyl sulfate procedure 

Eslrohc Acid (VIII) — 250 mg of IV were sapomfied by heatmg with an 
excess of dilute aqueous sodium hydroxide and the cooled (15°) solution 
was slowly acidified wth vigorous stimng to about pH 5 (faint darkening 
of Congo red) avith hydrochlonc acid The solid acid was collected and 
recrystalhzed by dissolving it in warm acetone, removing by filtration a 
small amount of the sparingly soluble Illb, and diluting the concentrated 
filtrate with water The acid (0 15 gm ) separated in the form of small 
plates which melted with effervescence at 225° (block) If the meltmg 
point was determined in the usual way, the acid gradually lactonized wath- 
out smtenng and melted at about 330°- The sample for analysis was 
dried at 25° 

CuH-iOj Calculated C 71 03, H 7 95 
Found “ 70 9, “ 8 08 

“ 71 2, “ 8 22 

Methyl Eslrolaie {XI) — This ester was prepared by treatmg VIII wath 
an excess of cold, ethereal diazomethane and crystalhzing the product 
from aqueous methanol The glistening needles which separated bei 
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opaque on standing m a dry atmosphere and then melted at 95-97° The 
sample for analysis was dned at 65° for 1 hour 

CiiiHojO, Calculated C 71 67, H 8 23 

' CigH2604 CH3OH “ “ 68 54, “ 8 63 

Found “ 68 8, “ 8 66 
‘‘ 68 8, “ 8 51 

When this was dned for 8 hours at 60-65°, the analytical values were 
C 71 2, H 8 34 

Hydrolysis of XI — A mixture of 0 10 gm of pure XI and 0 07 gm of 
potassium bicarbonate m 6 ml of methanol and 4 ml of water was re- 
fluxed on the steam bath for 10 imnutes Crystalhne matenal began to 
separate dunng the first few minutes of boihng The suspension was 
evaporated in a stream of air, the residue was shaken with 20 ml of warm 
water, and the sohd was collected The product melted at 336-338° 
(block) and v eighed 0 085 gm 

Sodium Esirolate {IX ) — 1 4 gm of IV were saponified by heatmg with a 
mixture of 15 ml of 10 per cent sodium hydroxide and 15 ml of 10 per cent 
methanol, after which the solution was diluted mth 50 ml of water This 
was cooled, saturated vath carbon dioxide, and concentrated below 40° 
to yield the crude crystalline sodium salt (two crops from the concentrated 
sodium bicarbonate-sodium acetate solution) After purification by re- 
crystaUization from ethanol, there were obtained 1 35 gm of fine needles 
(clusters) melting at 225° (block) The sample for analysis was dned 
at 25° 

CisH..304jSra 2H2O Calculated C 59 65, H 7 51, Na 6 35 
Found " 59 5, “ 7 92, “ 6 21 

Although the dihydrate appears to be stable, the salt dned at 100° is 
highly hygroscopic and quickly reverts to the dihydrate In attempting 
to obtain the anhydrous material, Dr Dillon reported that the carbon 
values approached those calculated for the henuhydrate, but were not in- 
creased further bj'^ prolonged heatmg in vacuo at 100° 

Esirolic Acid Methyl Ether (X) — ^The methyl ether lactone (WI) was 
saponified with aqueous methanohc sodium hydroxide and the methanol- 
free solution was carefully acidified, as in the preparation of VIII The 
acid crj stalhzed from aqueous acetone m the form of elongated hexagonal 
tablets meltmg at 135-136° with effervescence The sample for analysis 
was dned at 25° 

CnHjtOi Calculated C 71 67, H 8 23 
Found “ 71 44, “ 8 07 
“ 71 91, “ 8 10 
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The viithyl ether vielhtjl ester (XII) \sas obtained by treating X with an 
excess of cold ethereal dnzonietliane and crj^stallizing the product from 
aqueous methanol It formed glistening lea\es •which melted at 64 5- 
65 5° and, after dr\ iiig at 65°, became opaciue and then melted at 77 5-78 5° 

C clbiOj Calculated C 72 2G, II S 19 

Found (77 5-7S 5°) “ 72 2, “ S 50 
“ 72 5, ” S 64 

Calculated OCIIj IS 07, after KOH hjdrolysis, 9 34 
Found “ IS 10, IS 42, after KOH hydrolysis, 9.40 

Beuzoylatton of XI — In the attempted benzoylation of XI, a solution 
containing 0 56 gm of the ester in 5 ml of pj'ndine W'as heated wath 2 ml 
of benzoyl chlonde for hours .yter treatment with water, the reaction 
mLxture was extracted with ether and the ethereal solution w'as w^ashed suc- 
cessnelj wath Indrochloric acid, water, sodium bicarbonate, and saturated 
sodium chlonde solution The residue from the ether solution w^as leached 
wath warm methanohe acetone and the insoluble material (0 095 gm ), 
melting at 238-243°, was collected B5' further recrystalhzation of the 
dissoh ed matenal from aqueous acetone and benzene-cyclohexane, 0 21 
gm of a faintl} yellow', nodular solid w'as obtained, w'hile the remamder 
of the product w as non-crj'stalline The combined sohd crystallized readily 
from acetone in the foim of very small needles (0 27 gm ) melting at 240- 
244°, mLxed wath the lactone benzoate (VI), this product melted at 
241-244° 

The non-ci^'stalhne fraction was subjected to alkahne hydrolysis and 
the solution w as acidified and w'armed The yellow' gum w'luch formed -was 
leached a\ ith 80 per cent acetone, some insoluble sohd w'as separated, and 
the solution was allowed to stand for several days The finely divided 
solid, w'hich was collected in several crops, w'as reciystallized from aqueous 
acetone to form a mixture of sparingly soluble powder and well formed 
blades The lattei (0 12 gm ), w'hich were separated mechamcally, melted 
at 167-171° This fraction, after acetylation, failed to react -with diazo- 
methane and w'as lecrystalhzed from ether-acetone, from which it sepa- 
rated as heai'y blades, m p 168-172° In an attempt to purify the “ace- 
tate” foi analysis, the substance was so strongly adsorbed on the alumina 
that it could not be chromatogiaphed By leaching the alumma with hot 
80 per cent acetic acid, about half (0 065 gm ) of the matenal was recoveied 
and this w'as set aside for further study When the benzoylation was 
conducted at 23° for 24 hours, the character of the products was the same 

Attempted Dehydration of XI — In several attempts to effect the dehydra- 
tion of XI, the ester w'as treated (a) ■with acetic anhydride-pyndine and 
the non-crystalhne product was then heated on the steam bath for 1 hour 
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witli phosphorus oxychloride in pjmdme, (b) -nith 98 to 100 per cent formic 
acid for 3 hours on the steam bath or by refluxing for 1 hour, or (c) inth 
iodine m refluxmg toluene or xylene In all instances the major product 
was the lactone Illb or its esters 

The Clemmensen reduction of the lactone acetate (IV, 0 36 gm ) i\ath amal- 
gamated zinc m boilmg acetic-hydrochloric acid produced 0 01 gm of 
nib and 0 27 gm of acidic matenal The acids crj’-stallized partially 
from aqueous acetone m small needles, meltmg m the range 205-225° 
The resolution of this mixture by the chromatographic separation of the 
acetylated methyl esters 11111 be described m a later paper 

SUMMARY 

The oxidation of estrone acetate with hydrogen peroxide m acetic acid 
is reported to form, in 57 to 63 per cent crude yield, the lactone acetate of 
estrohc acid The partial charactenzation of this acid is descnbed The 
suspected non-identity of certam estrohc acid derivatives with similar 
products previously reported bj’^ Westerfeld (4) is discussed 
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of V mil Mibfccqiicnt rcl ictonizition with acid transformed it into th 
hjdro\y hctonc (VI), to which the name, i&oandrololactone, is assigned 
Ihe presence of 1 1 ictone ring w is demonstrated by converting VI into th 
dihjdro\> acid (VII, isoindrolic acid) and the latter, in turn, intoth 
dih\dro\y methyl ester (VIII, methyl isoandrolatc) 

Isoandrololactone was oxidized with cyclohexanone in the presence o 
aluminum isopropoxide to the corresponding 3-keto lactone (IX), mp 
7° This compound (CnllisOa) is not identical wath the “satu 
rated”- keto lactone, m p 253°, the isolation of which from the non-phenolu 
fraction of mare pregnancy urine has been reported by Heard (3) and b} 
Jacobs and Laqtieur (1) 

By use of peracetic icid as described above, androsterone acetate (X^ 
was oxidized to the acetox> lactone (XI) in 79 per cent yield This was 
then hydrolyzed and relactonized to form XII (andrololactone) 

In order to prepare the lactonic analogue (XVII) of testosterone, de- 
hjdroisoandrosterone acetate (III) was employed as the starting material 
The latter was brominated m carbon tetrachloride and the resulting 5,6- 
dibromide (XIII), on oxidation with peracetic acid, afforded the lactone 
dibromide (XIV) m SG to 93 per cent yield The debromination of XIV 
by means of a refluxing solution of sodium iodide in butanone led to the 
unsaturated acetoxy lactone (XV) and, by subsequent hydrolysis, to the 
corresponding unsaturated hydroxy compound (XVI, dehydroisoandrolo- 
lactone) Finally, oxidation of the latter with cyclohexanone and alumi- 
num isopropoxide provided the a,/3-unsaturated ketone, testololactone 
(XVII) ’ The ultraviolet absorption spectrum of XVII showed a maxi- 
mum at 238 m/i, w ith log e = 4 23 

The physiological properties of these lactones will be reported in detail 
m a later paper They all lack any demonstrable androgenic activity but 
defimtely affect the pituitary Thus, isoandrololactone stimulates pitui- 
tary growth and the formation of pituitary gonadotropm m male and 
female rats 

Work m this laboratory is continuing on the elucidation of the structure 
and configuration of these and other lactonic oxidation products of keto 
steroids 

* The analytical data reported by both Heard and by Jacobs and Laqueur corre- 
spond closely to the empirical formula CnH jOj, which is not m accord with a satu- 
rated tetracyclic structure It would appear therefore that the compound, m p 
252°, from mare unne must either contain an unreactive ethylenic bond or be isomenc 
with IX and contain 2 more hydrogen atoms 

’Testololactone may be isomeric with the keto lactone of Heard (3), but the 
two compounds are not identical 
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EXPERIMENTAL'‘ 

Reduction of Dehydroisoandrostei one Acetate — Dehydroisoandrosterone 
acetate^ (III, 2 00 gm , m p 168-169°) ivas reduced at atmosphenc pres- 
sure m 30 ml of 95 per cent ethanol contaimng 0 5 gm of 10 pei cent 
palladimzed norit catalyst The theoretical amount of hydrogen was 
absoibed m 5 hours The mixture was filteied, the filtrate concentiated 
in vacuo to a syrup, and the isoandrosterone acetate allowed to crystallize 
from a solution of the syrup m neohexane Several crops, totaling 1 64 gm 
(82 per cent) and melting in the range 113-115 5°, weie obtained and 
leciystalhzed from neohexane oi aqueous methanol The final melting 
point was 116 5-117° 

In another experiment, iiuth platmic oxide m glacial acetic acid, the 
jneld of IV, m p 114-117°, was 65 per cent Durmg subsequent reciystal- 
hzation from neohexane, the compound separated eithei m this form (m p 
116 5-117°) 01 as the modification meltmg at 104 5-105° When a large 
proportion of the latter was. mixed with a few crystals of the former, the 
meltmg pomt of the mixture was 116 2-116 8°, showing that the two prod- 
ucts are polymorphic forms of the same compound Durmg the purifica- 
tion of the product from this reduction, there was isolated 0 06 gm of 
material which, after recrystallization from pentane, melted at 143-151° 
This may have contamed some etiocholan-3(j3)-ol'17-one acetate (mp 
157-159°), but it was not further studied 

In a sepaiate expeiiment. III was reduced m 95 per cent ethanol with 
palladous chloride as the catalyst The crude product was obtained m 
several crops (84 pei cent yield), meltmg m the ranges 100-103 5° and 
109-115 2° 

Isoandrololactone Acetate (V) Method A, Aqueous Hydrogen Peroxide in 
Acetic Acid — solution of isoandiosterone acetate (0 25 gm , 0 00075 mole) 
m 2 0 ml of glacial acetic acid and 1 5 ml (about 0 12 mole) of 28 per cent 
aqueous hydrogen pei oxide was allowed to stand m the dark at 35° for 53 
hours A laige xolume of watei was added, drop wise until crystaUization 
began, to precipitate 0 21 gm (80 per cent) of crude lactone, m p 149 5- 
153° This was then sapomfied by refluxing its solution in 3 ml of 

*A11 melting points nere taken of samples in an open capillary, with a totally 
immersed thermometer, unless indicated otherwise Microanalj ses were performed 
by Dr Robert T Dillon and staff of the Analytical Division of G D Searle and 
Company, and by Mr William Saschek of the Department of Biochemistry, College 
of Physicians and Surgeons, Columbia University Their cooperation is gratefully 
acknowledged All samples for analj'sis were dried over phosphorus pentoxide at 
80° and 0 05 mm 

6 We are indebted to Dr Erwin Schwenk of the Schenng Corporation who gener 
ously contributed the dehj droisoandrosterone acetate used in this mvcstigition 
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metliinol uul 1 I ml of 10 per cent methaiiolic potubsuim Jiyclioxide for 
Iioiir- llic lolution w concentrated in vacuo to diyncsb, the lesidue 
diNrohcd m u iter, uul the bolution extricted with chlorofoim to lemove 
ibout 0 OOo gm of neutral, \cllou oil It \\ lis then strongly acidified with 
3 N hydrochloric icid and the re'^ulting hiispension was heated for 1 hour 
on the steam b ith to induce lactomzation The solid was removed by ether 
evtmction and the dried e\tr ict w.is concentr itecl to a y ellow syrup This 
sy rup w us acetylatcd w ith 2 ml of acetic anhydride and 5 drops of pyridine 
by heating for 1 hour on the steam bath The mixture was concentrated 
in lacuo and the rcsiduil solid was crystallized twice from benzene- 
neohexane to produce transp irent blades melting at 158-159 5° 

C Calculated, C 72 37, U 9 20, found, C 72 5S, H 9 10 

Method li, Peracetic Acid in Acetic Acid — Isoandrosterone acetate (0 274 
gm ) m 2 0 ml of glacial icetic acid was oxidized with 5 0 ml of a solution 
of peracetic acid in glacial acetic acid (5) (0 00125 mole per ml) m the 
presence of 20 mg of idditional p-toluenesulfonic acid The oxidation 
was conducted m the dark at 35° for 23 hours The crude lactone (0 252 
gm , 88 per cent), m p 15G-158 5°, was obtained as described above 

In several similar oxidations, the yield was 89 to 92 per cent and one 

recry stalhzation of tins material served to raise the melting point to 

158 5-159 5° 

hoandrololactonc (17) — I'-oaudrololactone acetate (V, 0 10 gm ) in 4 ml 
of methanol and 0 5 ml of water was saponified by lefluxmg for 1 hour with 
0 55 ml of 10 per cent methanolic potassium hydroxide The solution 
v.as acidified w'lth 0 55 ml of 3 x hydrochloiic acid, diluted wuth 5 ml of 
water, and heated on the steam bath for 1 hour m a current of nitrogen 
The crude, precipitated lactone (0 08 gm , 91 per cent), melted at 162 5- 
166 5°, and this melting point was raised to 169 7-169 9° by lecrystalhza- 
tion from ethyl acetate-neohexane 

CijHjoO, Calculated C 74 48, H 9 87 

Found “ 74 15, “ 9 74 

“ 74 39, “ 9 SO 

hoandrolic Acid {VII) — Isoandrololactone (0 29 gm ) was heated under 
nitrogen for 1 } hours on the steam bath with 1 5 ml of 10 per cent aqueous 
sodium hydroxide and 15 ml of water The solution was cooled to room 
temperature and a trace of insoluble matter was removed The filtrate 
was then cooled to 15° and acidified with 1 3 ml of 3 N hydrochlonc acid 
to about pH 3 The piecipitate of crude acid weighed 0 28 gm (91 per 
cent) and melted at 166 5-167 5° with decomposition The pure acid 
(72 per cent yield) was obtained in the form of blades melting at 170 5— 
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171 3°, With decomposition (bath preheated to 165°), by recrystalhzation 
from ethyl acetate 

CisHjiOi Calculated C 70 32, H 9 94 
Found “ 70 16, “ 9 60 

“ 70 23, “ 9 84 

Methyl Isoandrolaie (VIH) — A large excess of cold, etheieal diazo- 
methane was added in portions to a suspension of 0 10 gm of VII m 20 
ml of ice-cold ether The acid readily reacted and dissolved The excess 
diazomethane was removed by gentle warming, and the solution was fil- 
tered and evaporated to dryness The residual oil qmckly sohdified (0 10 

gm ) and remelted at 104-106 4° The pure ester, m p 118 4^118 9°, was 

achieved m the form of clusters of blades by recrystallization from ethyl 
acetate-neohexane The yield of pmified solids, with a total melting lange 
of 115-118 9°, was 85 pei cent 

C 2 tiH 340 < Calculated C 70 96, H 10 12, OCHj 9 17 

Found “ 71 17, “ 10 46, “ 9 08 

“ 70 97, “ 10 25 

Oxidation of Isoandrololactone to 8-Keiolactone (IX) — Isoandrololactone 
(0 33 gm ) v as oxidized to the corresponding 3-keto lactone by refluxing 
for 6 houis vTth 0 35 gm of aluminum isopiopoxide m 3 5 ml of cyclo- 
hexanone and 10 ml of dry toluene The cooled reaction mixture was 
diluted with ether and washed successively with 3 n hydrochloric acid, 
watei , saturated sodium bicarbonate, and v ater The dried ethereal solu- 
tion was then concentiated and the residual oil allowed to ciystalhze from 
25 ml of pentane The crude substance IX (0 16 gm , 49 per cent) melted 
at 159-164 5° and this was raised to 166-167 7° by lecrystallization from 
ethyl acetate-neohexane, from which the keto lactone separated in rosettes 
of thick blades 


CnHosOs Calculated, C 74 97, H 9 27, found, C 74 82, H 9 46 

The yield above is not optimum, for a longer refluxmg period would 
undoubtedly raise it For example, only a tiace of IX was produced 
after 2 houis 

Andrololactone Acetate (X/)— Andiosteione acetate (0 17 gm , m p 
165-165 5°) was oxidized to the lactone with peracetic acid as descnbed 
above The crude, water-precipitated lactone acetate weighed 0 14 gm 
(79 per cent) and melted at 176 2-180 7° This was recrystallized from 
ethyl acetate-neohexane to form needles melting at 184 1-185 4° 

C.iH 3.0< Calculated, C 72 37, H 9 26, found, C 72 58, H 9 37 
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imIroloUictonc (XIl)- Uiie lactone icctatc (XI, 0 12 gm ) was conveited 
into the l)>dro\y lictone in the manner clcsciibed above for the xso com- 
pound Iho crude product (0 095 gm , 90 per cent, mp 213 5-222 5°) 
cr}fe(alli 2 cd from cth}! acetate m the form of blades which melted 
at 229 0-232° (bath preheated to 225*“) On the Fisher-Johns block (pre- 
heated to 225°), the melting point was 237-237 5° 

CidljtO, Calcul Uni, C 71 IS, II 9 S7, found, C 74 50, H 9 84 

5,6-Dibrovw-3(j3)~QcdoxyandTostan-I7-onc (XIIl) — 0 5 gm of dehydro- 
isoandrosterone acetate was brommated m 10 ml of cold carbon tetra- 
chloride by the dropwise addition of 0 35 ml of the same solvent contaimng 
0 20 gm of bromine Ihc solution became decolorized after 20 minutes 
stirnng at 2-5° It was then concentrated tn vacuo and the solid lesidue 
was ciystallized from bcnzene-neohe\anc or ethyl acetate-neohexane, 
affording 0 70 gm (91 per cent) of colorless dibromide melting at 161 4- 
1G2 1°, with decomposition Further recrystalhzation raised the melting 
point to 1()2 9-lt)3 2°, with decomposition (bath preheated to 159°) 

C.,II,,OiUr C ilculatcd C 51 45, II C 17, Br 32 CO 

louiid “ 51 57, “ 5 83, “ 32 20 

In another preparation, the yield was reduced to 57 per cent w'hen the 
reaction was conducted at room temperature with no external cooling 

Ladone (.Y/F) Jrom 5 ,G-Dibromo-3{fi)-accloxyandrostan-17-one — The 
above dibromide was oxidized to the correspondmg lactone with peiacetic 
acid m the usual manner The j icld of erude, precipitated solid (m p 
170 3-170 7°, with decomposition) was SO to 93 per cent Rosettes of needles 
melting at 170 5-170 9°, with decomposition (bath pleheated to 169°), 
were obtained by recrystalhzation from ethyl acetate-neohexane 

C.,1I oO,Brj Calculated C 19 82, H 5 97, Br 31 57 

Found " 49 61, “ 6 02, “ 31 25 

Dehydroisoandrololaclone Acelale (XV) — A solution of the dibromo lac- 
tone (XIV, 0 SI gm ) and 2 0 gm of sodium iodide m 50 ml of butanone® 
was refluxed for 5 hours The solution was cooled and shaken with aqueous 
sodium bisulhte to reduce the iodine The ketone layer was concentrated 
VI vacuo, the residue was dissolved in ethyl acetate, and the solution washed 
with aqueous sodium chloride solution, dried, and concentrated Diluting" 
the residue with benzene-neohexane induced the separation of the ciude, 
crystalline product XV (0 47 gm , S4 per cent), melting at 180-181° Fur- 

‘ We are indebted to the Shell Chemical Corporation for a generous gift of tins- 
ketone 
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ther recrystallization raised the melting point to 183-185° flbath preheated 
to 180°) 

C 1H30O4 Calculated C 72 81, H S 73 
Found “ 72 96, “ 8 85 
“ 72 92, “ 8 52 

Dehydrotsoandrololadone (XVI ) — ^The lactone acetate (XV, 0 87 gm), 
dissolved m 25 ml of methanol, was hydrolyzed by refluxmg for 4 hours 
mth a solution, of 1 8 gm of potassium bicarbonate in 13 ml of water The 
warm reaction mixture was acidified by the addition of 9 ml of 3 N hydro- 
chlonc acid and heated on the steam bath for 1 hour under a stream of 
mtrogen It was then diluted ivith 50 ml of water, cooled to 15°, and the 
precipitated hydroxy lactone (0 75 gm , 98 per cent) collected The melt- 
ing pomt (235-241 5°) of the crude product was raised to 238-242 2° (bath 
preheated to 232°) by recrystallization from ethyl acetate 

CijHjaOj Calculated, C 74 97, H 9 27, found, C 75 10, H 9 11 

Testololactone (XVII ) — mixture of 0 3 gm of XVI, 0 3 gm of alumi- 
num isopropoxide, 3 ml of cyclohexanone, and 9 ml of dry toluene was 
refluxed for 48 hours The reaction mixture w'as cooled and diluted ivith 
ether, and the suspension was washed successively ivith 3 n hydrochloric 
3id, aqueous sodium bicarbonate, and saturated sodium chloride solution 
he dried ether solution was concentrated and the residue w'as heated at 
0 5 mm and 90° to remove most of the solvents The residue m a small 
volume of ethyl acetate was then diluted wuth neohexane to effect the 
separation of 0 27 gm (91 per cent) of crystalline lactone meltmg at 195 5- 
205 5° By repeated recrystalhzation, rosettes of needles were obtained 
which melted at 205 5-207° 


CijHisOi Calculated C 75 46, H 8 67 
Found “ 75 54, “ 8 51 

“ 75 37, “ 8 37 

The ultraviolet absorption spectrum of a solution (6 59 X 10“^ M, 1 cm 
path) of XVII in absolute ethanol showed a maximum at 238 m/n, log e = 
4 23 


SUMMARY 

The oxidation of certain 17-keto steroids to their correspondmg Eing D 
lactones by means of aqueous hydrogen peroxide in acetic acid or 
by peracetic acid in glacial acetic acid is described These lactones are, 
or may be considered to be, denved from androsterone, isoandrosterone, 
dehydroisoandrosterone, testosterone, and andi ostan-3 , 17-dione Neither 
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«f (he 1 two 1 u (ones Is ulentitul with the keto lactone, m p 252°, lepoited 
by Hoird and by J Jcol)s ind Liqueur 

V hitherto unobter\cd polymorphic form of iboandrobteione acetate, 
in p lJti5-!l7°, It) dcsciibcd 
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III THE PREP VUVriON OP lilSOmyDROESTROLIG ACID AND ITS 

DERIVVITVLS* 

ROBERT P JVCOBSCN. GEORGE M PICHA.t and HVROLD LEVT 

(From the Worcester I ouiulation for Experimental Ihologij, SlircwsbuTij, and the 
Department oj PhyswhKjy, I'lifta College Mcdieal School, 

^hdford, MaihachuActts) 

(Rccoivcd for public ition, May 19, 1917) 

PrcMOUb papers (1, 2) from tins laboratory have reported the prepara- 
tion of 1 rctones by the peroxide oxidation of a number of 17-keto steroids 
In these oxidations two rcictioii media were employed, one consisting of 
a mixture of aqueous hydrogen peroxide and acetic acid and the other of a 
solution of peracetic acid m glacial acetic acid containing a small amount 
of p'toluenesulfonic acid 

It was recognized early in this work that the small equilibrium concen- 
tration (3) of peracetic acid present in the aqueous hydrogen peroxide-acetic 
acid mixtures first used (1) might be the active oxidizing agent Indeed, 
the subsequent use (2) of non-aqueous peracetic acid solutions m the high 
jneld oxidations of 17-keto steroids of the androgemc hormone type pro- 
vided confirmation of this idea How'ever, when attempts were made to 
apply the improved procedure m the oxidation of estrone and equilenm, 
much of the steroid ketone was converted to amorphous material and no 
enhancement of the yield of lactone was observed After several tnal 
expenments it became clear that, w’hereas the saturated 17-keto steroids 
^\ere smoothly oxidized with peracetic acid m less than 20 hours at 35°, 
those of the aromatic type required a much lower temperature and longer 
reaction time 

This paper describes the preparation of bisdehydroestrohc acid deriva- 
tives from equilenm, as well as the improved oxidation method as apphed 
to estrone acetate 

In the imtial expenments, equilenm acetate (I) was oxidized at 35° 
With hydrogen peroxide m acetic acid, formmg in low 3 aeld the lactone 
acetatb (II) contaminated ivith unaltered starting material When per- 
acetic acid was used, the yield of nearly pure product II obtained at 35° 

* The work described in this paper was supported by a grant from G D Searle 
and Company 

t Present address, G D Searle and Company, Chicago, Illinois 
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was about 20 per cent and this was increased about 3-fold when the reaction 
temperature was loweied to 10° 



HO 

(V) 


The sapomfication and lelactomzation (acidification with heatmg) of 
II afforded the hydio\j'' lactone (III) T^Tien the saponification mixture 
was acidified to about pH 5 at a low temperature, bisdehydroestrolic acid 
(^0 produced 

The methyl ethei (IV) of III was prepared by the sapomfication of II 
followed by treatment of the warm alkahne solution with dimethyl sulfate 
This series of reactions demonstrates the lactomc nature of II, III, and 
IV, and shows that the structure of bisdehydroestrolic acid is similar to 
that of the previously reported oxidation products of other 17-keto steroids 
In the preparation of relatively large quantities of estrohc acid, it was 
discovered that the above oxidation procedure with peracetic acid at 10° 
led to the production of estrololactone acetate m 80 per cent yield, com- 
pared with about 60 per cent by the older (1) method 
Work m this laboratory is contmumg on the oxidation of steroid ketones 
and on the elucidation of the structure and configuration of the products 
obtained 
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Ihidchydroiftrololactonc Icdntt (II) Method A, Oadalion of Equilenm 
icclatc iLilh AquiOua Ifijdrotjtn Peroxide in \cc(ie Acid — A solution con- 
taining 0 G2 gm of ociuilemn acet itc= (m p 151 5-157°) in 0 ml of acetic 
acid ind 1 5 ml of 30 per cent itiucous hydrogen peroxide was allow'ed to 
stand it 35° for ()0 hours When (he reiction mixture was diluted with 
water, i yellow, pirtiully crystilhne solid separated In several such 
expenments, the Mcld of this oiude product was 30 to 10 per cent and the 
melting point, ifter one reerystallization from aijueous methanol, was 
142-117° When 0 72 gm of this material was hydrolyzed with aqueous 
metlianolic potassium hydroxide md the cold, methanol-free solution was 
saturated with carbon dioxide, 0 23 gm of equilenm (m p 250-254°, after 
one rccry stalhzation from methanol) was precipitated The filtrate was 
strongly' acidified md w irnicd, causing the separation of 0 35 gm of spar- 
ingly' soluble, brow n solid This w is acetylated with acetic anhydride 
and pyridine and the product recrystalhzcd from aqueous methanol to 
form fine, colorless needles, m p 155-157 5° 

C'lolbiOt C ilculatcil, C 71 05, II 6 22, found, C 73 08, H 6 29 

Method B, Oxidation of Equilenm Acetate with Peracetic Acid in Glacial 
Acetic Acid — A solution of 1 0 gm of eciuilenm acetate m 20 ml of glacial 
acetic acid containing 0 02 mole of peracetic acid and about 20 mg of p- 
toluenesulfonic acid was held at 10° for 100 houm The reaction mixture 
was gradually diluted w'lth water until crystallization of the product was 
complete This provided 0 58 gm (55 per cent) of colorless needles, m p 
156°, after a single recrystallization from methanol 

CaoHsoOi Calculated C 74 05, II 6 22 
Found “ 74 3, " 6 12 

“ 74 0, “ 6 26 

When the above reaction was conducted at 35°, the yield of lactone was 
only 20 to 25 per cent 

* All melting points were determined in open capillaries with total immersioir 
of the thermometer stem or with a thermometer graduated for partial stem immersion 
Melting points marked “block” were deternuned in a preheated aluminum block 
and were taken as the temperature at which the compound actively melted during 
a period of 1 or 2 minutes Samples for analysis were dried at 110° and 0 05 mm over 
phosphorus pentoMde except as otherwise noted Microanalyses were performed by 
Dr Robert T Dillon and staff of the Analytical Division of G D Searle and Com- 
pany, whose assistance in this work the authors gratefully acknowledge 

* We are indebted to Parke, Davis and Company, Detroit, Michigan, for a supply 
of equilenm 
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Bzsdehydroestrololactone {HI) — ^The lactone acetate (II, 0 36 gm , m p 
154-155 5°) was suspended m 25 ml of 2 per cent aqueous sodium hy- 
droxide and heated on the steam bath for 2§ hours The hot solution was 
acidified with excess hydrochloric acid and allowed to cool sloi\ly The 
pale pink, crystalhne product weighed 0 30 gm and, after recrystalhzation 
from methyl cellosolve, melted at 292° (block) 

CisHiaOs Calculated C 76 57, H 6 43 
Found “ 76 5, “ 6 43 

“ 76 7, “ 6 43 

Btsdehydroesli ololactone Methyl Ether {IV) — ^The lactone acetate (II, 
0 35 gm ) was saponified as above with dilute sodium hydroxide and the 
solution at 50-60° was shaken with 1 0 ml of dimethyl sulfate while the 
reaction mixture was kept alkalme to phenolphthalem with 10 per cent 
sodium hydroxide The suspension was acidified and the precipitated 
product was saponified ivith hot aqueous methanolic sodium hydroxide 
After removal of the methanol, the hot albalme solution was strongly acidi- 
fied and the crude methyl ether was collected By recrystalhzation of 
ibis matenal from methanol, there was obtained 0 10 gm of glistenmg 
blades, m p 196-199° This meltmg pomt was raised to 197 3-199 5° by 
further recrystalhzation 

C19H20O,. Calculated. C 77 00, H 6 80 
Found “ 76 9, “ 6 92 
» 76 8, “ 6 71 

BisdehydroestroUc Acid (Y) — 200 mg of lactone acetate (II) vere saponi- 
fied m 10 ml of 2 per cent sodium hydroxide The solution was cooled 
to 15° and acidified to pH 5 with vigorous stirring The gummy, broira 
precipitate was triturated with aqueous acetone and the resultmg gray 
sohd (0 12 gm ) was crystallized several times from ethyl acetate-benzene, 
forming 0 03 gm of nearly white needles, meltmg with effervescence at 
135° m a preheated bath 

CibH-oOi Calculated, C 71 98, H 6 71, found, C 72 1, H 6 59 

The acid is not stable, becommg colored after a few weeks storage 

Improved Method for Preparahon of Estrololactone Acetate — mixture of 
15 6 gm of estrone acetate and 0 18 gm of p-toluenesulfonic acid m 180 ml 
of a solution of peracetic acid (0 001 mole per ml ) m glacial acetic acid i\as 
allowed to stand m the dark for about 100 hours at 10° The diluted leac 
tion mixture yielded 13 8 gm of crude crystalhne estrololactone acetate, 
m p 144^149° In several such experiments the yield v as SO to 85 per cent 
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Tlie oxidation of equilcnm icetnte with pei acetic acid to the lactone ace- 
tate of bifcdehjdrocistrolio acid ib dcbcnbed The chemical properties of 
the lactone diow th it it ib bimilar to the oxidation products of other 17-keto 
steroids reported prc\ lously The reaction temperature has been demon- 
strated to luxe a marked ctTcct on the yield of hctonic oxidation products 
formed from 17-keto steroids w ith peracetic acid 
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Ih UOHl RT P J\.COnSE\, C.rORGE M PICIIV.t CII VRLES WEINSTEIN, 

VNU IODISE RO\UNOrF 

(from l/ic Worcester / ouiiilolion for I xpcrimciilal BioUujy, Shrewsbury, and the 
Department of Physiology, Tufts College Medical School, 

Medford, Massachusetts) 

(Rec(.i\oil for publication, May 19, 1947) 

This paper describes in attempt to piepare a radiopaque substance 
which would be conccntritcd m the biliaiy tract and serve as a diagnostic 
agent in the \-raj’’ visualization of the gallbladder 

The compounds selected for synthesis were lodinated derivatives of 
cholanic acid and its gb’cine conjugate, glycocholanic acid It was felt 
that the similarity between these compounds and the naturally occurring 
bile acids might cause the lodmated derivatives to be concentrated in the 
gallbladder, thus rendering a visualization of this organ possible How- 
ever, a series of \-ray pictures and iodine determinations has showm that 
these compounds pass through the gastrointestinal tiact virtually un- 
absorbed 

Treatment of method cholate with p-toluenesulfonyl chloiide in pyridine 
solution gave the S-ji-toluencsulfonate as pieviously leported by Barnett 
and Reichstcm (1) This product was oxidized in acetic acid with chromic 
oxide to the 3-p-toluenesulfonate of methyl 3-hydiox5’^-7,12-dLLetocho- 
lanate lodination with sodium iodide, follow'ed by saponification and 
acidification, yielded 3-iodo-7,12-diketocholanic acid (I) The acid 
chloride of I, treated w itli a solution of glycine m sodium hydroxide accord- 
ing to the procedure of Coitese and Bauman (2), gave 3-iodo-7,12-diketo- 
gl} cocholamc acid (II) 



* The work described in this paper was supported by a grant from G D Searle 
and Company 

t Present address, G D Searle and Company, Chicago, Illinois 
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CHOLANIC ACID DERIVATTVES 


The position of the iodine atom m these compounds was confirmed by 
the catalytic hydrogenation of I to 7,12-diketocholanic acid 

EXPERIMENTAL 

All meltmg points w'ere determmed with total immersion of the ther- 
mometer stem The microanalyses were performed under the direction 
of Dr Robert T Dillon, and the pharmacological tests by Dr W E 
Hambouiger, both of G D Searle and Company 
S'p-Toluenesulfonate of Methyl Cholate — solution of 78 gm of dried 
methyl cholate (m p 153 5-155 5°) m 110 ml of pyridme was chilled to 
10°, and a solution of 39 gm of p-toluenesulfonyl chlonde (10 per cent 
excess) in 75 ml of pyiidine was added drop wise over a period of 30 nunutes 
Durmg this addition the temperature w'as maintained at 8-12° The 
reaction mixture was then protected with a calcium chloride tube and 
aUow'ed to stand at room temperature for 20 hours A small amount of 
ice W'as added to decompose unchanged acid chloride and the mixture was 
diluted with 350 ml of glacial acetic acid The resulting solution was 
slowly poured into 3 liters of W'eU stirred ice water containing 220 ml 
jOf concentiated hydrochloric acid The amorphous, white precipitate 
X105 gm ) was collected and, after thorough washing, was used m the next 
reaction without further purification 
3-p-Toluenesulfonate of Methyl S-Hydroxy-7 ,12-dtletocholanate — A solu- 
tion of 105 gm of the tosylated ester m 650 ml of glacial acetic acid w'as 
chilled to 10°, and a solution of 34 5 gm (20 per cent excess) of 85 per cent 
chromic oxide m 300 ml of 50 per cent acetic acid was added dropwise 
over a penod of 45 minutes, the temperature being mamtamed below 15° 
The reaction mixture was allowed to stand at room temperature for 15 
hours, and it was then added very slowly to 4 volumes of well stirred, cold 
water The product was removed by filtration and washed well with 
sodium bicarbonate solution and water Three recrystalhzations from 
methanol provided 48 gm (46 per cent) of a white, crystalhne solid, m p 
135-140°, which was used in the next reaction The analytical sample 
melted at 142 5-143 5° 

C .HuOjS Calculated C 67 10, H 7 74, S 5 60 
Found “ 67 07, “ 7 80, “ 5 77 

“ 66 93, “ 7 94, “ 5 97 

Methyl 3-Iodo-7 ,12-diLetocholanate — ^A nuxture of 45 gm of the tosylated 
diketo ester, 45 gm of sodium iodide, 450 ml of acetonyl acetone, and a 
few small crystals of sodium thiosulfate was heated for 3 hours on the 
steam bath The nuxture was then cooled and added slowly to 2 5 hters 
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of w Iter coni umng 30 gm of sodium chloride The pale yellow precipitate 
(42 gm ) wob collected, washed, and used m the next reaction without 
punfication Ihe iiulyticil sample, recrystalhzed several times from 
methanol, melted at 171 5-172° 

C llj 0,1 Cxlcul itcd C 5G SI, II 7 06 

found “ 56 92, “ 7 32 

“ SO 71, “ 7 26 

S-Iodo-7 ,12-dll dochalanic Acid (/) — The crude lododiketo ester (40 
gm ) was saponified m GSO ml of methanol containing 8 gm of potassium 
hjdroxide The methanol was removed by distillation of the diluted reac- 
tion mixture, and the product was precipitated with acid and recrystalhzed 
from aqueous methanol The yield w'as 12 gm (31 per cent) of product, 
melting at 225° or higher, in addition to a larger amount of impure matenal 
which could not be readily crystalhzed The analytical sample melted 
at 229-232°, with decomposition 

C.,II).0,I C dtulaled C 56 03, II 6 S6, I 24 67 

found “ 56 05, “ 6 96, “ 24 69 

“ 56 35, “ 7 08 

S-Iodo-7 ,13-diLclogbjcocholanic Acid {IF) — 17 gm of I was dried for 5 
hours at 110° and dissolved in 150 ml of redistilled thionyl chloride Tins 
solution was allowed to stand at room temperature for 3 hours, dunng 
which tune a continuous, slow stream of dry mtrogen was bubbled through 
it The thionyl chlonde was removed under dimmished pressure and the 
residual cake was ground up in the reaction vessel with several portions 
of petroleum ether, which w'ere removed imder vacuum These washings 
were contmued until no acidic fumes remamed The solid product was 
then powdered and suspended m a solution of 37 5 gm of glycine m 600 ml 
of \ sodium hydroxide This suspension was stirred at room temperature 
for 3 hours, allowed to stand at room temperature for 20 hours, and finally 
stirred at 60° for an additional 3 hour period It was then chilled and acidi- 
fied to Congo red (with constant stirrmg) with hydrochloric acid After 
it had stood m the refrigerator for several hours, the suspension was filtered 
and the product w'as washed well wnth water The sparingly soluble 
glycme conjugate was obtained in crystalline form by the contmuous ex- 
traction of this matenal with acetone in a SoxhIet apparatus, givmg 8 2 
gm (43 per cent) of white crystals melting at 197 5-199°, with de- 
composition 

CjcHssO.NI Calculated C 54 64, H 6 70 
Found “ 54 85, “ 6 68 
“ 54 55, “ 6 44 
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CHOLAMC ACID DERIVATIVES 


Conversion of I to 7 ,13-DiLetocholanic Acid — solution of 0 5 gm of I 
in 60 ml of 50 per cent aqueous methanol contammg 0 4 gm of sodium 
hydroMde and 0 2 gm of 10 per cent palladimzed norit catalyst was 
shaken -with hydrogen for 30 mmutes After removal of the catalyst and 
the methanol, the product was precipitated with hydrochloric acid Two 
recrystallizations from benzene-neohexane provided a white, crystalline 
product meltmg at 175 7-177° When the substance was mixed mth 
an authentic sample of 7 , 12 -diketocholamc acid prepared fiom dehydro- 
chohc acid accordmg to the method of Borsche (3), the meltmg point was 
not changed 


SUaiMARY 

Four new derivatives of cholamc acid have been prepared, three of which 
are lodinated m the C 3 position 
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THE DE-rEHMlNATION OF NITROGEN B VL VXCE INDEXES 
OF PROTEIN HYDROLYSiPES IN DOGS" 


U\ J\M1 S « VLLISON, ROBCllT D SEELEY, and 
rULDLIlICK P rLIlC.LSO\ 

{trom (he Bureau of Biological Rtsearch, litilgers I niierailg, New BruiiswicL) 


(Hcceucd for publication, July 23, 19-17) 

Data obtained while feeding proteins or protein hydrolysates orally to 
dogs Inie demonstrated that the relationship between absorbed nitiogen 
(T.Y) and urinary nitrogen (b -V) is described by the following equation 

t \ - (1 - A) (1\) + L\o (1) 

where UNo is the o\cretion of urinary nitrogen on a protein-free diet and 
K IS the nitrogen balance indo\ of the dietary nitrogen (1) This is an 
equation for a ‘■traight line in regions of negatne and low' positive nitiogen 
balance where this balance is linearly lelated to absorbed nitrogen Thus 
the mde\ (A’), which is the rate of change of nitrogen balance with respect 
to absorbed nitrogen, is constant for any' one protein m the region of neg- 
atne balance I he index increases abo\e noimal, howevei, in hypo- 
proteinemic dogs, animals with reduced piotein stoies The data of 
Frost and Risser (2) demonstrate that a lineai relationship exists also 
between nitrogen balance and absorbed nitiogen in dogsfedafibrm hydrol- 
ysate intravenously There is need to expand these studies to mvestigate 
the application of Equation (1) to data obtained m animals fed hydrol- 
ysates intra\ enously' Expeiiments wcie planned, theiefore, to determine 
under vanous experimental conditions the nitiogen balance mdexes of 
different protein hydrolysates fed intravenously to normal and protein-dew 
pleted dogs 

Methods 

Normal parasite-free adult dogs Aveie used in these expeiiments The 
composition of the diet was described previously (3) The animals received 
70 calories per kilo of body weight per day based upon the piobable weight 
of the dogs as calculated from Cowgill's data (4) 


* The subject matter of this paper has been undertaken in cooperation with the 
Committee on Food Research of the Quartermaster Food and Container Institute for 
the Armed Forces The opinions or conclusions contained in this report are those of 
the authors They are not to be construed as necessarily reflecting the views or 
endorsement of the War Department These studies have also been supported in 
part by the Protein Metabolism Fund of the Bureau of Biological Research, Rutgers 
University Some of these data were presented at the meetings of the Federation of 
American Societies for E\perimental Biology, Chicago, May, 1947 
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N BALANCE OF PROTEIN HYDROLYSATES 


The protein hydrolj’sates were fed intravenously by means of a gravity 
drip apparatus Infusions were conducted 18 hours after the last oral 
feedmg The dogs received oral diets which made up the remamder of the 
caloric mtake on infusion days 1 hour after the end of the infusion 
The analytical methods used for the total urmary nitrogen, a-amino 
nitrogen, ammonia, and urea have been reported previously (5) The 
“bound” a-ammo nitrogen was calculated by subtractmg the free ammo 
acid a-ammo nitrogen from the total a-ammo nitrogen determmed after 
the unne had been hydrolyzed with an equal part of 12 n HCl for 6 hours 
at 120° and 15 pounds pressure 

Results 

Previous data have demonstrated that UNo m Equation (1) varies with 
the physiological state of the dog, decreasmg m value, for example, as the 
protem stores of the animal decrease (6) When K and AN" are constant. 
Equation (1) becomes 

UN = UNo +C (2) 

which describes a straight Ime with a slope of unity and a Y mtercept of C 
The data plotted m Fig 1, A illustrate the application of Equation (2) 
to some data obtamed while feedmg casern and an enzymatic casern hydrol- 
ysate to dogs 100 mg of mtrogen per kilo of body weight were absorbed 
each day The slope of the straight Ime is unity The mtercept of this 
Ime (C) IS 20 Therefore 

(1 - iqiOO = 20 and Z = 0 80 (3) 

a value previously reported but calculated in a different way for casern 
and its hydrolysate (1) 

The Ime m Fig 1, A becomes curvilmear when UNa decreases below 
60 mg per day per kilo of body weight These low values for UNo were 
obtamed on dogs depleted m protem stores Under these conditions the 
value of K mcreases, which means that the utihzation of mtrogen is greater 
m the depleted than m the normal dog Allison, Seeley, Brown, and 
Anderson (6), for example, reported a nitrogen balance mdex of 0 96 for 
casern and casern hydrolysate m the protem-depleted dog 
The data illustrated by the circles m Fig 1, B were obtamed while feed- 
mg a protem-free diet for 3 days followed by a 1 day mtravenous feedmg 
(120 mg of nitrogen per kdo of body weight) of an acid hydrolysate of 
crude fibrm, at the rate of 1 mg of N per mmute per kilo of body v eight 
This hydrolyate vas fed 18 hours after the last protem-free meal The 
daily excretion of urmary nitrogen while the dogs were receiving the 
protem-free diet {UNo) and the hydrolysate {UN) are plotted m Fig 1, B 



\LLrSON, SEELDY, VND FERGUSOY 


93 


The data recorded \vith the squares were obtained m exactly the same 
manner as those represented bj' the circles except that UNo was determined 
by feeding a diet containing \\hole egg for 3 days instead of the protem-free 
diet During this period, each dog received 90 mg of whole egg nitrogen 



Fig 1, A Urinary nitrogen {UN) (mg per day per kilo of body weight) in dogs 
fed orally casein nitrogen (Q) or casein hydrolysate nitrogen (A) plotted against 
urinary mtrogen {UN a) in the same dogs fed a protein-free diet Each dog received 
100 mg of mtrogen per daj per kilo during the mtrogen feeding period 

Fig 1, B Urinary nitrogen {UN) in dogs fed a fibrin hydrolysate intravenously 
plotted against unnary mtrogen {UN a) in the same dogs fed a protein-free diet The 
hydrolysate was fed at the rate of 1 mg of N per minute per kilo and in an amount 
equal to 120 mg of N per day per kilo □ represents data in which UN a was obtained 
while feedmg whole egg instead of the protein-free diet O represents data obtained 
while feeding a protein-free diet, followed by the feeding of an acid hj drolysate of 
crude fibnn The marks in the circles and squares identify different dogs 

per kilo of body weight daily The nitrogen balance mdex of whole egg 
bemg unity, UNo was not altered by the addition of the egg protem Egg 
protem diet was used, therefore, to determine UNa, preventmg the grad- 
ual depletion in nitrogen which occurs durmg periods of nitrogen-free 
feeding 



94 


N OF PROTEIN HYDKOLl. SATES 


The slope of the lineai portion of the cur’ve m Fig 1, 5 is unity and the 
F intercept is 72, therefore, 

(1 - X)120 = 72 and if = 0 40 (4) 

The line becomes curvilineai at values of UNo less than 70 mg per 
day per kilo These low values for were obtamed on one dog and are 
values which are associated with mcreased nitrogen balance mde\es, mdic- 
ative of an mcreased utilization of mtrogen 


Table I 

Rate of Infusion of Fibrin Hydrolysate, Urinary Nitrogen (UN), Urinary Nitrogen on 
a Protein-Free Diet (UNo), and Nitrogen Balance Index (K)* 


Dog No 

Kate of mfusion 

Unnary nitrogen, 
UN 

Protein free urinary 
nitrogen, UNe 

Nitrogen balance 
index, K 


ms N Per mm 
per ks 

ms ptr day per ks 

ms per day per is 

■■1 

57 

0 5 

173 

103 



0 5t 

161 

88 



1 0 

193 

115 

0 35 


1 OJ 

171 

92 

0 34 


7 0 

172 

100 

0 40 


7 Ot 

162 

81 

0 33 

6o 

1 0 

124 

66 

0 52 


1 Ot 

88 

44 

0 64 


1 0 

108 

57 

0 57 


1 Ot 

119 

50 

0 43 


1 Ot 

1 103 

64 

0 68 


0 5 

151 

85 

0 45 


5 ot 

119 

64 

0 54 


* Calculated from the equation UN = (1 — K)( 4jV) + UNo, where the mtrogen in- 
take (AN) was 120 mg of N per day per kilo of body weight 
t 5 per cent glucose added to hj drolysate 
1 10 per cent glucose added to hydrolysate 

Table I is a lecoid of data obtained durmg a study of the effects of the 
rate of infusion and of the addition of glucose on the nitrogen balance mde\ 
of an acid hydrolysate of ciude fibim The indexes were calculated from 
Equation (1) Each mdex represents a separate experiment consistmg of 
a 3 day protem-free period followed by 1 day of mtravenous feedmg 
One dog (No 57) was selected to represent the normal, the other (Dog 
65) the abnormally low' UNo These data demonstrate that a 
change m rate of flow' from 0 5 to 7 0 mg of N per mmute per kilo of 
body weight has no significant effect on the nitrogen balance index 
Neither does the addition of glucose to the fibrm hydrolysate alter the 
index significantly The aveiage mdex for Dog 65 with the low value 
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for UNo lb 0 53, which i'^ sa'afei than the average index of 0 38 obtained 
for the normal dog, Xo 57 

Table II bummari7Cb expeiimentb on thiec dogb to determme the effects 
of the daily feedmg ot fibim iudiolvbute nitiogcn on the nitrogen balance 
indexes Two dogs (Nos 11 iiid b3) with normal ^aluos for UNa and one 

Tadli. II 

Nitrogen Source, Days on Uipenmcnl, Nitrogen Intake {AN), Urinary Nitrogen {UN), 

and Nitrogen Balanee Index {K) 

K 13 calculated from the equation, UN =» (1 — 77) (/LV) + UNo The mtrogen in- 
take {AN) was obtained feeding the hydrolysate intravenously at the rate of 1 
mg of N per minute per kilo of bodj weight The UN for whole egg was used for 
UNo 


XitTogca source 

Da> 

Absorbed 

Dog •H 

Dog 63 

Dog 65 

oitrogcQ 

t/A 

K 

VH 

K 

UN 

K 



ms ptr 
Jav p<r 
H 

ms per 
dav per 

ks 


ms per 
per 


ms per 
day per 
kg 


Whole egg 

0-3 

90 

so 


96 


64 


Crude fibrin hydro- 

4 

120 

155 

0 43 

177 

0 33 

113 

0 60 

lysate 

Crude fibrin hydro- 

5 

120 

107 

0 33 

172 

0 37 

117 

0 50 

lysate 

Crude fibnn hydro- 

6 

120 

155 

0 40 

104 

0 33 

120 

0 60 

Ij sate 

Crude fibnn hydro 

7 

120 

101 

0 35 

160 

0 36 

120 

0 60 

lysate 

Whole egg 

S-IO 

90 

83 


83 


71 


Fibnn hydroljsate 

11 

120 



161 

0 35 

130 

0 51 








Dos 73 

Whole egg 

0-3 

90 

90 


83 


128 


Casein hydroljsate 

4-5 

120 

133 

0 09 

124 

0 66 

163 


it li 

5-0 

120 

122 

0 03 

118 

0 63 

151 

0 67 

Whole egg 

7-9 

90 

78 


73 


112 









Dog 74 

(( (i 

10-10 

120 

78 


78 


IQ9 

■I 

Casein hj'drolysate 

17-18 

120 

117 

0 07 

126 

0 60 

Ke9 


if a 

19-20 

120 

101 

0 07 

111 

0 60 

122 

IBM 

Whole egg 

21-24 

120 

01 


63 


84 

■ 


dog (No 65) w'lth an abnormally low UNo were chosen for this study 
The dogs were fed the whole egg protem (90 mg of N per day per kilo of 
body weight) for 3 days to determine the UNo They weie tiansferred to 
the protem-free diet during the days of intravenous feeding The nitrogen 
balance indexes were calculated according to Equation (1) from values 
for UNo nearest to the days of mtravenous feedmg The mdexes for Days 
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4 and 5 were calculated, for example, with the UNo obtamed during 
Days 0 to 3, while the mdexes for Days 6 and 7 were calculated with the 
VNa obtamed durmg Days 8 to 10 

The average nitrogen balance mdex for the fibrm hydrolysate obtamed 
by feedmg the two normal dogs is 0 37, close to the average value of 0 4 
calculated from the curve m Fig 1, B The average mdex obtamed m 
Dog 65 with the low UNq is 0 57, which compares favorably with the 
average value of 0 54 from data on this same dog m the experiments re- 
corded m Table I 

Table II records another series of experiments m which the nitrogen 
balance mdexes of an acid hydrolysate of casern were determmed over a 
period of 3 weeks m different normal dogs In these experiments average 
mdexes over periods of 2 days were calculated instead of daily mdexes 
The value for UNo decreased durmg these experiments, even though the 
whole egg protem mtrogen was mcreased to 120 mg per day per kilo of 
body weight This decrease m UNo is undoubtedly the result of loss of 
protem stores durmg mtravenous feedmg when the dogs were m negative 
mtrogen balance Changes m UNo are, however, all withm the normal 
range and do not alter the value of K significantly There is good agree- 
ment m the values for the nitrogen balance mdex of the casein hydrolysate 
determmed m the various dogs 

The data illustrated m Fig 2 demonstrate that the rate of infusion affects 
the concentration of ammo nitrogen m the plasma and the excretion of 
ammo compounds m the urme The data m Fig 2, A were obtamed by 
analyzmg plasma samples taken immediately after the end of the infusion 
of the crude fibrm hydrolysate These analyses prove that the ammo 
nitrogen concentration mcreases m a curvilmear manner as the rate of 
infusion mcreases from 0 to 7 mg of N per minute per kilo of body weight 
Vomitmg and nausea occurred when the hydrolysate was given at rates 
greater than 3 mg of N per mmute per kilo when the plasma ammo nitrogen 
mcreased to more than 15 mg per cent The data m Fig 2, B demonstrate 
that the excretion of the ammo nitrogen mcreases as the rate of infusion 
mcreases No generalization can be made concernmg the effect of rate of 
infusion on the retention of nitrogen from all hydrolysates, smce they pre- 
sent different patterns of ammo acids to the animal It is mterestmg to 
note, however, that the excretion of urmary ammo nitrogen approaches 
a limit, the slope of the curve decreasmg rapidly at an infusion rate of 
approximately 5 mg of nitrogen per mmute per kilo Similarly, Silber, 
Seeler, and Hone (7) found that there was no mcrease m ammo acid ex- 
cretion when the infusion of a mixture of ammo acids was mcreased from 
6 to 12 mg of N per mmute per kilo 

The rate of excretion of a-ammo, ammonia, and urea nitrogen and other 
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forms of nitrogen during the day of infusion of the partial hydrolysate of 
crude fibrm is illustrated m Fig 3 The 1st hour in Fig 3 represents the 
rate of excretion of the various forms of nitrogen before the mfusion was 
started The infusion was given during the 1st to 3rd hours Fig 3 illus- 
trates the marked rise abov e control values m the rate of excretion of a-ammo 
nitrogen and of urea nitrogen durmg and after infusion The rate of ex- 
cretion of a-amino nitrogen fell rapidly toward control values withm an 



Fig 2, A Plasma a-ammo nitrogen at the end of the intravenous mfusion of a 
fibrin hydrolysate plotted against the rate of mfusion of nitrogen 
Fig 2, B Urinary a ammo nitrogen in the same experiments illustrated m Fig 
2, A 

hour after the mfusion ended The rate of excretion of urea mtrogen con- 
tinued to rise after the mfusion, returnmg to control values several hours 
thereafter The excretion of ammonia nitrogen was not altered by the 
mfusion, but the excretion of other forms of nitrogen mcreased durmg and 
for several hours after the mfusion, a result primarily of a rise m the ex- 
cretion of “bound” a-ammo nitrogen 
The mtake and output of a-ammo mtrogen, both free and bound, are 
illustrated by the data recorded m Table III Measurements of these forms 
of nitrogen represent prelimmary experiments to determine the utihzation 
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of poli-peptides as well as of free ammo acid a-ammo nitrogen It is mter- 
^tmg to note t^t ammo mtrogen can be partitioned differently between 
fee and bound m these hydrolysates and yet have the saije utdi “ 
tion as measured by mtrogen balance mde\es 

The ae,d hydrolysate ammosol, prepared fen. flbnn (2) has a h,.hcr 
nitrogen balance mdea than the partial hydrolysate made from crude fibm 



HOURS 


data for unnary nitrogen excretion plotted against tune in liours The 

tour represent the control 120 mg of fibrin hydrolysate mtrogen 

r^nrSlnt 3rd hours The black blocks 

rate^f excretion of a-amino nitrogen, the blocks with vertical lines the 

r'retion of iirpi n t ^te blocks With slanted lines the rate of es- 


The (Merence between these hydrolysates may be due m part to the degrees 
of hydrolysis, but also is probably associated -mth the fact that the crude 
fibnn was contammated ivith other plasma proteins of lower nutntive 
\alue Frost and Risser (2) have reported a mtiogen balance mde\ of 
0 83 to 086 for a fibrm hydrolysate correspondmg to ammosol These 
higher mde\es were obtamed m dogs depleted m proteins, animals which 
yield higher than normal mdexes The data m Table IV demonstrate the 
increase above normal m the nitrogen balance mde\ of supprotem when 
fed intravenously to protem-depleted dogs 
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Hudroljsatc, Imino Xtirogtii Injuscd {Free and Bound), Urinary AmmoNilrogen 
Excrclcd (tree and Bound) during Protein-Free Feeding and Infusion 
Periods, and Vitrogcn Balance Indexes of Hydrolysates 


V\ crate data obtained on three dogs while being fed intravenously for 4 days 
according to the methods dtscribed m the text 


1 

H) dro)>salc* 

Vmino nitrogen 
i infused 

1 

Urinary ammo nitrogen 

Nitrogen 

Free 

Bound 

Control 

Infusionf 

balance 

mdez 


Free 

Bound 

Free 

Bound 



rtf 

p<r ; 

mt per 
Jdv per 
kt 

mt per 
Jjy per 
kt 

ms per 
Jov per 

ks 

mg per 
day per 
kg 

mg per 
ddv per 
kg 

m 

Fibrin (crude) 

33 

57 

1 7 

3 6 

6 2 

17 9 


Aminosol 

GO 

32 

1 9 

3 1 

6 0 

9 8 


Supprotein 

Parenamine, 6 % 

73 

14 

1 5 

3 0 

3 4 

4 4 



• The authors thank the Abbott Laboratories for the aimnosol, Eh Lilly and 
Company for the supprotein, and Fredenck Stearns and Company for the paren- 
anune We thank Dr D V Frost for preparing the acid hydrolysate of crude 
fibrin 

1 120 mg of hydrolysate nitrogen per day per kilo of body weight were infused 
at the rate of 1 mg of N per minute per kilo of body w eight 

Table IV 

Effect of Depletion in Proteins {Reflected by Low Value for UNo) on Nitrogen 

Balance Index 


These are average data obtained while feeding 120 mg of supprotein mtrogen per 
day per kilo of body weight intravenously to three normal and two protein-depleted 
dogs at the rate of 1 mg of N per minute per da> 


Normal 

Protein depleted 

t/iV 

UN, 

K 

UN 

UN, 

K 

mg per day 
per kg 

mg per day 
per kg 1 


mg per day 
per kg 

mg per day 
per kg 


120 

80 

0 67 

69 

47 

0 82 


Table V 

Nitrogen Balance Index of Supprotein Fed Orally to Adult Dogs 


Dog No 

Absorbed mtrogen 

Urinary nitrogen 

Protein free 
urmary nitrogen 

Nitrogen balance 
mdex 


mg per day per kg 

mg per day per kg 

mg per day per kg 


31 

1 81 

1 95 

1 57 

0 79 


2 43 

2 10 

1 62 

0 80 

44 

1 95 

1 64 

1 26 


63 

1 78 

1 40 

1 24 



2 52 

1 89 

1 43 


Average 

0 82 
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All of the hydrolysates listed m Table III have a higher mde\ when fed 
orally than when fed intravenously The order of difference is illustrated 
by the data on supprotein recorded m Table V, in which the average nitro- 
gen balance index is 0 82, considerably higher than the 0 67 for intravenous 
feeding The nitrogen balance index of crude fibrin hydrolysate fed orally 
was determined to be 0 64, also much higher than the 0 4 characteristic of 
mtravenous feeding Entrance of the hydrolj^ate through the gastro- 
mtestmal tract can present a different pattern of ammo acids to the animal 
than when mtroduced through the vem because of enzymatic digestion and 
absorptive processes m the gut, and of more direct action of hver tissue 
on the absorbed products, other tissues of the body such as the kidney 
not bemg affected as directly by oral as by intravenous feedmg 

SUMMARY 

1 The relationship between absorbed nitrogen (AiV) and urinary nitro- 
gen (?7iV) is described by the equation, UN’ = (1—K) (AN)' + UNo, 
where UNo is the excretion of urmary nitrogen on a protem-free diet and K 
IS the nitrogen balance mdex of the hydrolysate 

2 UNo IS a function of the protem stores, decreasmg m value as the 
stores decrease K is a constant m the region of negative mtrogen balance, 
provided UNo is greater than 70 mg of N per day per kilo of body weight 
When UNo is less than this, the nitrogen balance mdex is variable, mcreas- 
mg as UNo decreases Thus high mdexes are obtamed m protem-depleted 
dogs 

3 The rate of infusion and the presence or absence of glucose m the 
hydrolysate did not affect the mtrogen balance mdex of a crude fihrm 
hydrolysate 

4 The rate of excretion of a-ammo nitrogen, both “bound” and free, 
and of urea nitrogen mcreased above control values durmg and after 
infusion The excretion of ammonia nitrogen was not altered by the 
infusion 

5 The nitrogen balance mdexes were highei m oially than m mtrave- 
nously fed hydrolysates 
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Mthough there is ample e\ idonce that lactic acid and alanine are glyco- 
gemc, the availability of isotope techniques has raised a number of ques- 
tions concerning the fate of these substances m both the normal and 
experimentally “diabetic” animal earliei report (1) upon the admin- 
istration of caiboxyl-labeled alanine to phlorhizimied lats indicated that 
relatively little of the fed caibon was recovered in the urinary glucose 
Conant and covvorkers (2) as well as Yennesland et al (3) have similarly 
demonstrated that administi ation of radioactive lactate to previously 
fasted rats leads to the deposition of liver glycogen contammg but a small 
portion of the admmistered radioactivaty Stetten and Boxer (4) have 
supplied evidence indicating that the conversion of glycogenic substances 
to glycogen may be a relatively mmoi process and that there is m many 
instances a majoi diveision of such substances mto fat 

This report is conceined with a further study of the ultunate disposition 
of the carbon atoms of administered lactate m the fasted phlorhizimzed 
rat (5) IMorc extensive data upon the conversion of isotopic alamne to 
glucose in similai animals are also presented 

EXPERUIENTAL 

Syntheses — Isotopic nn-alanme contammg C'^ m the carboxyl position 
was prepared from 0 44 gm of acetaldehyde and 0 5 gm of isotopic sodium 
cyanide^ by the Stiecher synthesis as modified by Kendall and McKenzie 
(6) With these amounts, a 48 per cent yield of alanine was obtamed 
N 15 60, theory 15 71 The product contained 9 41 atoms per cent 
excess C‘^ 

Lactic acid contammg m the a or P position was prepared from 
BaC’'* 03 , as described by Sakami, Evans, and Gurm (7) 

Animal Expei imetits — Fasting rats were treated with subcutaneous 
injections of phlorhizin m oil, 120 to 200 mg of phloihizm per kilo per 
day being employed The G N ratios on the 3id day ranged from 2 22 to 
3 51 and on the 4th day from 2 42 to 3 81 m eleven animals 

In Experiment 1, 200 mg of carboxyl-labeled alanine in water were 

* We wish to thank Dr Harold C Urey for supplying us with this material 
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injected subcutaneously at the beginning of the 3id day and the uime 
collected for 8 hours and for the following 16 hours respectively Glucose 
was separately isolated from both mines 

In Expeiiment 2, another sample of alamne contaimng less (1 74 
atoms per cent evcess) u as employed 100 mg of alamne m 2 ml of water 
weie mjected at the beginmng of the 2nd day 4 hours later another 
mjection of an equal quantity of isotopic alamne was given Urine 
was collected for 8 hours after the first mjection and subsequently for the 
following 16 hours 

For Experiment 3, radioactive sodium lactate cont ainin g C“ m the 
a or positions was employed On the 3rd day of fastmg and phlorhizm 
treatment, a total of 500 mg of sodium lactate was administered by 
stomach tube m five equal doses given every 30 minutes Urme was 
collected durmg the first 6 hours of the experiment and subsequently foi 
another 18 horn's Respiratory carbon dioxide was collected durmg the 
first 4 hours Glucose u as isolated from the urmes and the carbon of the 
ketone bodies obtamed by means of Demg^’ reagent, as described below 

Isolation Procedures 

Glucose — ^For the isolation of glucose, the Naiious samples of urine 
were first clarified by the procedmes of Neubeig and Kerb (8) and West, 
Scharles, and Peterson (9) by treatmg with 10 per cent HgSOi m 5 per 
cent H^Oi and subsequently shakmg wuth finely pow dered BaCOj until 
the suspension gave a famtl3^ alkalme leaction 5 Nolumes of alcohol 
were then added and the suspension chiUed for several hours After 
filtration and smtable washmg of the precipitate, the combmed fluid was 
eiaporated in vacuo to dryness The residue was extracted with three 
5 ml portions of hot methanol and the extract concentrated in vacuo to 
drjmess The glassy residue was dissohed in a small lolume of glacial 
acetic acid and treated w ith p-mtrophenylhydrazme in acetic acid Aftei 
standmg at room temperature for several days, the crj'-stalline p-nitro- 
phenylhydrazone was collected, washed with minimal cold ethanol to 
remo\e acetic acid, and the compound recrj stallized from boihng 95 per 
cent ethanol Usuallj’^ one reciystallization jielded mateiial which had 
the correct meltmg pomt and gave no depression upon adnuxtme wuth an 
authentic sample of glucose p-mtrophenjlhydrazone If the mtrogen 
analysis w'as also satisfactorj' (the nitrogen analyses langed from 13 2G 
to 13 50, theory 13 33), glucose was recoxered from the hydrazone bj 
refluxmg m mmimal 50 pei cent ethanol for 3 to 4 hours with a slight 
excess of benzaldehjde Alter addition of water, the precipitate was 
remoxed, washed with watei, and the aqueous fraction exixacted sexeral 
times xYith ether and subsequently wuth ether contammg a httle butjl 
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ilcohol The coloilcts iqucoub extract ^^as concentiatecl m vacuo to a 
syrup “urd cr>st\lhzcd by the addition oi warm ethanol 
Kdonc Bodies — 1 nil ilupiots of the urines obtained in Experiment 3 
Mere trcated Mitli CtiSOi and lime atcoiding to the Van Slyke procedure 
for the estimation of ketone bodies (10) The filtrates u'ere acidified to 
pH (j Mith dilute IICI and aei ited uith COj-fiee an Demges’ reagent 
and 1 ml of 50 pei cent II::SO< Mere added and the solution heated under 
reflux foi 1 hour The etohed COj lepiesenting the caiboxjd carbon of 
acetoacetate wat^ trapiied in barium hydroxide solution The piecipitated 
nicrcuiy^-aceloiie complex uas collected by centrifugation and ivashed 
The superu itant Uiis agam heated under reflux and treated with chchro- 
mite for the oxidation of d-hydroxybutyi ate to acetoacetate The CO 2 
representing the caiboxjl caibon of /S-hydioxybutyiate uas trapped m 
barium hj droxidc and the mercurj'-atetone precipitate collected sepaiately 
and Mashed The mercury-acetone fractions Mere dissolved m 1 n HCl 
and the acetone distilled into Denig&s’ reagent These precipitates were 
collected, Mashed, and analyzed for radioactivity 
A control experiment Mas performed m Older to elimmate any possi- 
bility that small amounts of ladioactive lactate excreted in the urine could 
have contamuiated the mercury-acetone precipitates 10 itig of a-, j3- 
labeled radioactive sodium lactate with an activity of 1 54 X 10® counts 
pel mmute per mole of carbon Mere mixed with 100 mg of iJ-hydro'qi'buty- 
rate and added to 10 ml of urme The urme M’as clarified as described 
above and heated under reflux with Demges’ reagent and dichromate 
The mercury-acetone precipitate Avas collected and Avashed several times 
AAith Mater The material upon analysis was found to contam a trace 
of radioactivity (1 X 10* counts per mmute pel mole of carbon) The 
recoveiy of C‘* m the mercuiy-acetone fraction was less than 0 7 per cent 
A dilution of this oider of magmtude could not have been detected Muth 
the Aveakly radioactive lactate employed m these experiments It is of 
mterest to note that even this trace of radioactive contammant can be 
removed by dissolvmg the mercury-acetone precipitate m 1 n HCl followed 
by distillation of the acetone into fresh Demges’ reagent The resultmg 
product was found to contam no detectable amount of radioactivity 
Fat — ^Livei and muscle Avere separately ground Avith 5 per cent tii- 
chloroacetic acid After filtration the precipitates were refl.uxed Muth 
boihng acetone for 5 hours to remove fat Cmde fat samples Meie ob- 
tamed by evaporation of the acetone 

Liver and Muscle Glycogen — ^In Experiments 1 and 2, the liver and 
muscle glycogen Avere isolated by extraction Avith tiichloroacetic acid 
Several extractions of the solution with ether to remove lipides m ere fol- 
lowed by precipitation of the glycogen with ethanol 
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Radioachinty Measurements — ^AU of the measurements were made with 
a bell-shaped thm mica wmdow Geiger counter (Technical Associates), 
upon samples of BaCOa obtamed by w’et oxidation (11) of orgamc sub- 
stances The layer of BaCOa uas prepared as foUoivs the precipitate, 
aftei thorough washmg and drying, was ground under acetone and the 
suspension rapidly poured on a raised metal disk contamed m a glass cup 
A thm wiie loop placed under the disk is satisfactory for withdrawmg it 
With a fairly snug fit, not too much precipitate is lost around the sides of 
the disk The acetone was evaporated by means of a lamp placed 4 to 
5 mches above the cup By this means a uniform layer of banum carbo- 
nate IS obtamed The disk can then be lifted out of the cup by means of 
the wire loop 

With a standard preparation of uniform specific radioactivity, plates 
of varymg thickness were prepared to determme the relationship of re- 
corded activity m the counter to plate thickness The relationship was 
found to be identical with that described by Reid (12) Samples con- 
tammg 17 to 18 mg of BaCOa per sq cm were found to behave as m- 
fimtely thick layem As a rule, plates were prepared contammg 8 to 18 
mg of BaCOa pei sq cm and corrected to activity at mfimte thickness 
With background counts of 10 ± 2 per mmute, samples of unknowns were 
counted sufficiently long to give several hundred counts From the 
collected actnuty, counts per mmute per mole of carbon were calculated 

Results 

In Table I aie summaiized the results obtamed m Experiments 1 and 2 
In Experiment 1, 200 mg of alanme were mjected subcutaneously m a 
smgle dose, whereas m Experiment 2 two mjections of 100 mg of alanme 
respectively weie given 4 hours apart Although the data are not com- 
plete enough for accurate estimations, a rough calculation of the extra 
sugar by a proceduie similai to Lusk’s indicates that approximately 60 
to 70 per cent of the adrmnistered alanme was converted to glucose durmg 
the collection Although three of the urmary glucose samples contamed 
an excess of C’’, the total recovery of isotope m the glucose amounted to 
only 1 to 5 per cent The excess of m the muscle and liver glycogen 
was not significant 

In ordei to determme the position of the isotope, a sample of the isotopic 
glucose was generously degraded for us by Dr Harland G Wood, who 
found the isotope to be located preponderantly m positions 3 and 4 of the 
glucose molecule These results, although prehmmary, agree with the 
piedictions of other investigators (13, 14) 

In Table II are summarized the urmaty nitrogen and glucose values 
obtained m Experiment 3 After admmistration of 500 mg of a-, ^-labeled 
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sodium lactate an estimated 300 to 400 mg of "ex-tra glucose” Avere ex- 
creted in the urine, mdicatmg good conversion of the lactate to glucose 


Table I 


Admintslralton of CaTboxtjl-Labelci^Alanine 



Experiment 1 ' 

Experiment 2 

Day o{ fasting and phlorhizin 

1 

2 

3 (a)* 

3 (6)t 

1 

2 (<»n 

2 (6) 

Unnary glucose, mg 

1190 

976 

221 

470 

758 

328 

291 

“ N, mg 

235 

336 

58 


190 

120 

121 

G N' ratio 

5 OC 

2 88 

3 81 

1 

3 99 

2 74 

2 40 

“Extra sugar," mg 



144 



116 


Conversion of alanine to 

“extra" 

' glu- 

70 



60 


cose, % 








C“ atom % excess 








Administered alanine 



9 41 


1 74 

Isolated glucose (8 hr 

urine) 


0 10 


0 05 

“ “ (9-24 hr urine) 

0 04 


0 00 

Muscle glycogen 



0 02 


0 00 

Luer “ 



0 02 


0 00 

Recovery of isotope m urinary glucose, 

1 2 


4 

7 

% 









(a), urme collected during first 8 hours, (6), urine collected from 9th to 24th hour 
• 200 mg of isotopic alanine were injected subcutaneously at the beginmng of the 
period 

t This unne was contaminated with blood 

1 100 mg of isotopic alanine injected subcutaneously at the beginning and 100 mg 
after 4 hours 


Table II 

Administration of Lactate Labeled with O'-* 



Day of fasting and phlorhizin 

1 

2 ’ 


3 (6) 

Urinary glucose, mg 


853 

469 

790 

“ N, mg 


300 

80 

222 

G K ratio 


2 84 

5 86 

3 56 

Extra glucose, mg 



242 

160 


(o), unne collected during first 6 hours, (6), urine collected from 7th to 24th hour 


Radioactivity measurements mdicated that the glucose isolated from the 
urme excreted durmg the first 6 hours contamed 4 64 X 10^ counts per 
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minute per mole of caibon (Table III), wheieas the admmistered lactate con- 
tained 26 4 X 10^ counts 20 per cent of the administered radioactivity 
V as recovered in the glucose The glucose isolated from the 6 to 24 hour 
urme was appiovimately one-fourth as radioactive Respiratory caibon 
dioxide was collected over half-houi periods for 4 hours after administra- 
tion of the lactate The radioactivity varied from 2 16 to 4 55 X 10* 
counts per mmute per mole of carbon Approximately 17 pei cent of the 
isotopic caibon of lactic acid was completely oxidized to caibon dioxide 
and excreted in 4 hours The somewhat higher radioactivity of the 
glucose indicates a direct conveision of lactate caibon to glucose m addition 
to mcorporation of isotopic CO 2 m glucose 

Table 111 


Recovery of Isotope after Admmtstrahon of a, ^-Labeled Lactate 


Substance 

CounU per mm per 

jno]e carbon X lO* 

Total counts ad 
mmistered or 
recovered 

Recovery 



1 

itt cent 

Administered lactate 

26 4 

3580 


Respiratory CO 3 (4 hrs ) 

2 1&-4 55 

620 

17 3 

Urinary glucose (6 hrs ) 

4 64 ! 

720 

20 0 

“ “ (7-24 hrs ) 

1 10 ; 

294 

8 2 

Ketone bodies (6 hrs ) 


267 

7 5 

Carboxyl of acetoacetate 

5 40 



Acetone “ “ 

5 04 



Carboxyl “(3-hydro\ybutyrate 

5 70 

1 

! 

Acetone “ “ 

5 10 

1 

1 


Ketone bodies (7-24 hrs ) 

1 

1 97 

2 7 

Carboxyl fraction 

1 2 88 

1 


Acetone “ 

3 00 



Liver fat 

1 SO 

260 

7 3 

Muscle “ 

0 96 

800 

22 4 


The ketone bodies of the urine were sbghtly more ladioactive than the 
glucose and markedly moie so than the respiratory carbon dioxide The 
acetoacetate and the /3-hydroxybutyrate were equally® radioactive Inas- 
much as the radioactivity was approximately the same m the carboxyl and 
acetone fractions, ti ts clear (hat every carbon in the ketone bodies was labeled 
with C** 

The hver and muscle fat weie radioactive but sigmficantly less so than the 
urmary ketone bodies The isotope recovered m the fat and urmaiy ke- 
tone bodies amounted to 40 per cent of the total admmistered 

The liver and muscle proteins were separately hydrolyzed and pai- 
titioned mto dicarboxylic, dibasic, and monoammo acid fractions Tlie 
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rachoictnity w is either zero or insignificant in most of these piepaiations 
httle radio'ictuit} u is detected in the phosphotungstate precipitate 
and was attributed to the mooiporation of metabolic caibon dioxide into 
the guanido group of arginine 


Discnssiox 

It is apparent that m the phlorhizinized animal the metabolic pathw'ays 
of alanine and lactic acid are divergent tnieieas only 1 to 5 per cent 
of the isotopic carbon of alanme w-^as recovered in the urinary glucose, 25 
to 30 per cent of the isotopic carbon of lactate was changed to glucose 
The dilution of isotope m both instances was quite different If one 
assumes that carboxyl-labeled alanine is con\erted to glucose containing 
isotope located preponderant!}' in the 3 or 4 position, then one may calcu- 
late the resulting dilution m Experiment 2 to be 1 17 


005 X 6 


In the case of lactate, the dilution is consideiably smaller Assummg 
that the resulting glucose is labeled eithei m the 1 or 2 position oi m the 
5 or 6 position, then the dilution is 

26 4 X 10‘ X 3 

4 64 X 10‘ X 6 “ ■ 

In neither case has a con cttion been made foi the incoi poi ation of metabolic 
COi into the gluco'-e so that the dilution figuies aie minimal If one 
assumes m Kxperiment 3 that position 3 oi 4 of the glucose molecule is also 
radioactive and has a i adioattivity equal to the maximal values obtained 
with lespiratoiy CO 3 (4 55 X 10^), then the maximal dilution is 1 3 4 

26 4 X 10< X 3 

= d 4 

/ 4 53\ 

l464 --yjXl0'X6 

It appears reasonable to assume that a consideiable portion of the 
administered alanine is piomptly incorpoiated mto tissue protein Should 
this be the case, it follows that a lelativeiy small proportion is oxidatively 
deaminized and mixed with the circulating caibohydiate pool In any 
event it seems clear that, although mjected alanine may cause the excretion 
of a large amount of “extia” glucose in the phloihizmized animal, the 
admimstered carbons aie not the ones excielcd Lactate on the other hand 
appears to be piomptly convei-ted to glucose Undei these expeiimental 
conditions, 20 pci cent of the ladioactne caibon of the admmistered 
hetate was recoveied in the glucose isolated fiom the first 6 hour urine 
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The dilution was less than that obseived by Vennesland et al (3) in the 
normal fastmg animal 

The conversion of lactate to ketone bodies is not smprismg m view of the 
extensive literature mdicating that hvei slices (15, 16) and homogenates of 
liver (17) are capable of transfor min g pyruvate into acetoacetate 
Lehnmgei (17) has demonstrated that w^ashed homogenates of liver are 
capable of quantitatively tiansfornung pyruvate into acetoacetate m the 
absence of the 4-carbon dicarboxyhc acids (fumarate, succmate, etc ) 
The results obtained with the phlorhizinized animal mdicate the folloiving 
senes of metabolic reactions 

2CH,CHOHCOOH > 2CHjCOCOOH » CH 3 COCH 2 COOH -i- 2COi 

The fact that umfoim concentrations of isotope aie found in all four 
possible positions of acetoacetate is strong evidence that pyruvate can be 
directly converted to ketone bodies wnthout mtermediate formation of fat 
The observation that one finds significantly greater radioactivity m the 
carbon atoms of the ketone bodies than is present m the carbon of liver and 
muscle fat adds further support to this direct metabolic pathway In this 
connection it is of interest that m a separate report (18) we have demon- 
strated that a,/3-labeled pyruvate is converted to completely labeled 
acetoacetate by washed liver homogenates 

The recoveiy of 30 pei cent of the admmistered radioactivity m the liver 
and muscle fat confirms the observations of Stetten and IQem (19) that, in 
the phloihizimzed animal, glycogenic substances are to a very considerable 
extent metabolized via fat Our recoveiy of isotope in the fat is mmimal 
smce ve were unfortunately unable to analyze subcutaneous and depot fat 
In any event it is clear that appt oximalely half of the isotope of the ad- 
ministered lactate teas convei ted into fat and Ketone bodies 

There is ample evidence m the literature (20) which mdicates that lactate 
13 an antiketogenic substance This fact must be reconciled with the 
present finding that a,/3-labeled lactate can contribute its carbon to all 
four carbons of acetoacetate and /3-hydroxybutyrate If “extra” ketone 
bodies are not produced by lactate, then one must infer that lactate yields 
ketone bodies at the expense of some other ketone body former It is 
possible that this precursor may be pyruvate derived from the breakdown of 
tissue piotem (see the accompanymg scheme) Pyruvate may be con- 
sidered as a major contributor to glucose formation in the phlorhizinized 
animal but it also contributes to Ketone body production If, as seems likely, 
it is decarboxylated to a 2-caibon intermediate, the resultmg product can 
not only form mtermediates of the tricarboxyhc cycle but can theoretically 
be converted to fat, ketone bodies, and carbon dioxide On this basis 
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Proposed Uclabolic Pathways of Lactate and Alanine 
Protein 

11 

Vlanino and gljcogenic ammo acida 

^ ^ 11 ^ ^ 

CH.CHOHCOOII CH.COCOOH ;=i CH, C— COOH Glucose 

I I 

i OPO,Ha 

COi + HiO < tCH.CO— ] ^ Fat 

* * y * 

CHaCOCHiCOOH 

admmistration of lactate will yield a laige amount of “extia” glucose and 
simultaneously incorporate some of its isotope into Ivetone bodies 

"We wish to thank the ^Imerican Cancer Society and the iVmerican Philo- 
sophical Society for financial support We also desue to e\press our appre- 
ciation to Dr A 0 Nier for the C*’ analyses 

sujiaiAny 

The metabolic fate of isotopic alanme and lactate m the phloihizinized 
rat has been studied Although 60 to 70 per cent of the admuustered ala- 
nme appears to be converted mto “extra” urmary glucose, only 1 to 5 
per cent of the admmisteied isotope was recovered therem 

The admmistration of lactate labeled with m the a or /3 position 
results in the excretion of uiinary glucose contammg 28 pei cent of the 
administered isotope Approximately half of the radioactive carbon of 
the lactate w'as converted to fat and urmaiy ketone bodies, even though 
the anticipated amounts of “extia” mmary glucose were formed All 4 
carbons of the excreted acetoacetate and /3-hydroxybutyrate were found to 
be radioactive Evidence is presented that, to a significant degree, lactate 
may be directly converted by the phlorhizmized rat to ketone bodies with- 
out mtermediate formation of fat 
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THE INFLUENCE OF PYRIIMIDINES UPON THE URINARY 
EXCRETION OF THIAMINE AND PYRAMIN=^> t 

Bt \V O C^bTER AND OLA.F iMICKLLbEN 

(From the Loboralory of Phymological Hygiene, Untvermly 
of Mtnnesola, Minneapolis) 

(Received for publication, July 2S, 1947) 

Ihe urinary’ excretion of tlnammc and pyrumm wai> studied m normal 
young men wlio ^\elc raamtamed on an essentially cons-tant tluamme in- 
take (1) It ^\ as noted that the small day to day vaiiations m the unnaiy 
excretion of pyramin were not du-ectly related to the shght daily changes in 
the dietary thiamme intake That findmg raised the question as to -whether 
the pyrimidmes related to thiamme present m the diets might be the cause 
of this variation The food used m that study was composed primarily of 
preserved products such as dehydrated potatoes, canned meat, canned 
vegetables, and dried fruit Accordmg to presently accepted theory, the 
treatment to which these foods were subjected results m the cleavage of the 
thiamme molecule with the liberation of the pyrimidme and thiazole groups 
This could produce a variable pyrimidme content of the diet, dependmg 
upon the amount of tluamme that was destroyed dunng the processing and 
preparation of the food 

A second factor causmg some concern m our pyramm stuches was the 
occurrence of a so called “dietary blanlc ” Urmary pyiamm excretions 
for vanous levels of thiamme were secured aftei the subjects had become 
adjusted to the particular thiamme mtake levels Extiapolation of these 
values to a zero thiamme mtake mdicated an excietion of about 70 y pei 
day (4) This “dietary blank” might conceivably be due to the presence 
of pyrimidines derived from the decomposition of thiamme m the diet 

The final factor which made these studies necessaiy was the findmg that 
durmg an acute thiamme deficiency the unnary pyiamm excretion aftei a 
few days of adjustment showed a progressive decrease to a level of 90 y per 
day Stabilization of the pyramm excretion appealed to occm at that 

* Pyramm is the pynnudme-hke component of thiamine which is excreted m the 
urine 

t This work was supported m part under the terms of a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Regents of the Umversity Important financial assistance 
was also provided by the Sugar Research Foundation, Inc , New York, and the 
National Dairy Council, operating on behalf of the American Dairy Association, 
Chicago Meick and Company, Inc , Rahway, New Jersey, and the Abbott Labora- 
tones. North Chicago, Illinois, provided a generous supply of vitamins 
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value even though some of the subjects showed clear signs of thiRrmTip. 
deficiency The high pyramm excretion might have been due to the diet 
Only a few substances m that diet could be possible contributors of pyrim- 
idme Autoclaved yeast extract which was fed as a source of the B 
vitamms other than thiamme appeared to be the most likely source (1) 

EXPERIMENTAL 

Normal young men were the subjects m all of these experiments They 
were mamtamed on different regimes of constant thiamme intake for at 
least 4 weeks before any urmary excretion studies were made This was 
done m order to rule out any changes that might be ascribed to the period 
before stabilization occurred (4) In some of the experiments, the subjects 
received known amounts of 2-methyl-4-ainmo-5-ethox3anethylpyrimidme 
hydrochlonde (heremafter referred to as synthetic pyrimidine) m the form 
of pills and m others capsules contaimng dried yeast extract which had been 
treated m one of two ways 

24 hour urme samples were collected m bottles contammg 5 ml of toluene 
and 5 ml of glacial acetic acid In all cases the collection period was 
extended to mclude 2 or 3 days Thiamme was determined m them by a 
modification of the thic^.hrome procedure (3) and pyramm by a modification 
of the yeast fermentation method developed by Schultz, Atkm, and Frey 
(8) for the determmation of thiamme In this procedure, pyramm is 
detei mined as the sulfite blank Feces were collected for 4 day periods 
with carmine as a marker These samples were analyzed for thiamme and 
P 3 Tamm by the above methods 

Some of the diets used m the preceding experiments (4) were analyzed 
for the pyrimidme component of thiamme by means of the yeast fermenta- 
tion method used m the determmation of pyramm (8) 

In order to destroy the thiamme m the yeast extract it was autoclaved for 
5 hours at 15 pounds pressure As a check on the completeness of the 
thiamme destruction, the autoclaved yeast was analyzed for this vitamm by 
means of the thiochrome procedure The pyrimidine component of 
thiamme m the autoclaved yeast was determmed by means of the yeast 
fermentation method (8) The method of Obermeyer and Chen (5) was 
also used for the determmation of this component of thiamme In a 
separate experiment, the autoclaved yeast was hydrolyzed prior to analysis 
This w as done by refluxmg it for 45 mmutes with 0 2 N sulfuric acid Both 
the autoclaved and the acid-hydroIyzed autoclaved yeast extracts were fed 
to the subjects m capsule form 

Results 

Most of the diets that were analyzed contamed from 80 to 100 y of the 
pyrmudme moiety expressed m terms of the synthetic pyrinudme 
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Wieii the synthetic pirimulmc was fed as pills at levels fiom 0 5 to 4 0 
mg per d ij , the unn ny pyr imin o\cietioii increased only slightly ovei that 
of the preceding control jxniod In ten different e\peiiments this increase 
a\eraged 2 5 per tent of the ingested pyrimidine dose in tlie four subjects 
(Tables I and II) The urinary i-eco\ei-y of the fed pyrimidine showed no 

I 

Erfccl of lugcsliiiij 2 5 Mq of 2 Methyl i amino 5 ethoxy melhylyyrunidinc 
Hydrochloride Per Day upon Urinary Pyramin Excretion 


Each value is tlio mean of four to five 21 hour evcretion values obtained after the 
subject had been iiiaiiit lined on const int thiamine intake for a month or more and 
IS characterized bj a v in ibility of <t = 20 5 7 per day 


Subject 

Expcruncntal period 

i 

Difference | 

Per cent recovered 

Control 

P>rimidinc i 

G1 

mBStM 

216 

69 

2 8 

Xo 


103 

51 

3 0 

\U 

■H 

228 

53 

2 1 


TvBLi, II 

Effect of Ingesting Various Amounts of 2-Mcthyl-4 ammo 5 elhoxymethylpyrimidine 
Hydrochloride upon Urinary Thiamine and Pyramin Excretion Levels 


iUl excretion values are the averages of approximately 1 week periods and are 
expressed as micrograms per day 


Subject 


1 Synthetic pyrunidme loUVe, rag per day 

1 0 

05 

1 0 

20 

40 

Excretion 

Wa 

1 

Pyramin j 

141 ; 

168 

154 

181 



Thiamine 

63 ; 

63 


66 

65 


A pyramin 


27 

13 

40 



% recovery 


5 4 

1 3 

2 0 

2 7 

No 

Pyramin 

159 

175 

183 

222 



Thiamine 


198 

186 

200 



A pyramin 


16 

24 

63 



% recovery 


3 2 

2 4 

1 3 1 

1 



change on a percentage basis when the pyrimidine mtake varied from 0 5 to 
4 0 mg per day The ratio between the molecular weight of the synthetic 
pyrimidine used m these studies and that for thiamine hydrochloride is 
1 1 67 This means that the level of synthetic pyrimidine used as oral 
supplements m the above studies ranged from 0 8 to 6 7 mg equivalents of 
thiamine 

The fecal excretion of pyramm-like substances decreased foUowmg the 
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feeding of 2 5 mg of the sjmthetic pyrumdme per day The deciease 
langed from approximately 20 to almost 50 per cent of the origmal levels 
(Table III) The thiamine excietion m the feces undei the same conditions 
also decreased by approximately 10 to 17 pei cent below the original 
excietion level 


Table III 

Effect of Ingesting 3 5 Mg of 3-Methyl-4 ammo 5-ethoxymethylpyrimidine Hydro 
chlo) ide upon Fecal Excretion of Thiamine and Its Pyrimidine Com- 
ponent Expressed in Terms of Synthetic Pyrimidine 
All values in micrograms per 24 hours The excretion values are given for both 
the control period and that when the synthetic pyrimidine was added to the diet 


Subject 


Control 

Synthetic 

pyrimidine 

added 

Difference 

G1 

Pyrimidine component 

47 

28 

-19 


Thiamme 

1854 

1540 

-314 

No 

Pyrimidine component 

40 

21 

-19 


Thiamine 

2735 

2265 

-470 

Wa 

Pyrimidine component 

47 

38 

-9 


Thiamme 

2060 

1842 

-218 


Table IV 

Effect of Ingesting 3 5 Mg of 3-Methyl-i-amino 5 ethoxy methylpynmidine Hydro- 
chloride Per Day upon Urinary Excretion of Thiamine 


Each excretion value is the mean of two to three 24 hour values having a variation 
of 0 - = 30 3 r per day The changes are not sigmficant 


Subject 

Control 1 

Synthetic pynmidine added 

Difference 

Bi 

225 

262 

4-37 

Pa 

146 

132 

-14 

Bo 

315 1 

290 

-25 

Re 

205 

186 

-19 

Pe 

112 

130 

4-18 

Hu 

136 

116 

-20 


When the synthetic pyrimidme was fed to six j^oung men at a daily 
level of 2 5 mg , theie was no significant change m the urinary thiamine 
excretion (Table IV) The level of synthetic pyrimidine fed was equivalent 
to 4 mg of thiamine In spite of this laige mtake, the observed variations 
in mmarj-- excretion were all withm the range one would expect if these men 
had been mamtained on a constant thiamme mtake throughout the ex- 
periment (4) ' 

Both the origmal 3 mast ex-tract and the autoclaved sample were analyzed 
for thiamme by the thiochiome procedure and the autoclaved yeast ex-tract 
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101 the pyrimidine eoinponcnt of thumme Tlie uuticatcd ycai.t cktiact 
coal lined 0 155 mg ot tlu iminc pei gm , wheieab the autoclaved sample 
was free of this subst nice ft autoclaving had simply split the thiamine 
molecule into its pj rimidine md tin izole groups, then the autoclaved yeast 
should ha\e cont lined 0 275 mg of pyrimidine iier gm (expressed m teims 
of synthetic pj rimidiiie) Actual analysis foi this compound by the yeast 
fermentation method showed the presence of 0 075 mg of pyrmudine pei 
gm Only 27 per cent of the theoretical pynmidme could be accounted 
for by this method These values were secured when weighed amounts of 
the finely powdered autoclaicd yeast extract were added directly to the 
reaction \ essel in the fermentonieter Wlien the autoclaved yeast extract 

Taulu V 

Effect of Feeding Autoclaicd Ycat Extract upon Urmarij Excretion of Thiamine and 

Ptjramtn 

Each evcretion \ due is the mean of three to 8i\ 2-1 hour urine samples which had 
variations of <r = 21 9 -y for pyramin and <r = 38 7 y for thiamine See the text for the 
explanation of “theory” and “analysis ” The “yeast” period represents the excre- 
tion during the time that the autoclaved yeast extract was fed 


Subject 

! 

Urinary excretion 

Pytiroidme fed 

Recovery 

1 

' 1 

Control ' 





Theory 



1 

7 

y 

r 

7 

7 

fer cent 

fer cent 

Go 

Pyraniin 

295 

3G1 

+66 

480 

131 

13 7 

50 4 


Thiamine 

334 

579 

+245 





No ! 

Pyramm 1 

IGG 

ISO 

+14 

9C0 

2G2^' 

1 5 

5 3 


Thiamine 

lit 

112 

—2 




G1 

Pyramm 

15G 

211 

+55 

1200 

327 

4 6 

16 8 


Thiamine 

99 

128 

+29 





Ra 

Pyramin 

191 

270 

+79 

1680 

458 

4 7 

17 2 


Thiamine 

175 

240 

+65 






w’as analyzed for total fermentation activity accordmg to the origmal pro- 
cedure (8), the apparent pynmidme content was reduced to 0 055 mg per 
gm The latter procedure involved boiling for 20 mmutes in a shghtly acid 
solution and apparently destroyed about a fourth of the pynimdme found 
m the autoclaved yeast extract by direct analysis The method of Ober- 
meyer and Chen (5) indicated the presence of 0 065 mg of p 3 n-iimdine per 
gm 

When the autoclaved yeast extract was fed to normal young men, the 
urmary excretion of pyiamm was quite unusual In three of the four sub- 
jects, the mcrease m the pyramm excretion was approximately 3 per cent 
when calculated on the basis of the pynimdme theoretically present m tins 
supplement (Table V) On the basis of the pynimdme found m the 
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o 


autoclaved yeast extiact by actual aDal 3 ^sis, the urinary recovery was 
appi oximately four times hi^er than this One of the subjects, Ge, showed 
lesults V hich were completely out of Ime inth these Theie is a possibility 
that this n as an artifact If subject Ge is onutted, then tv o of the re- 
mainmg three subjects showed an mcreased thiamme excretion when the 
autoclaved yeast was fed, but these mcreases v ere all within the range of 
normal vanabihty 

When the acid-hydrolyzed autoclaved yeast extract was fed to two j'oung 
men, the urmary pyramm excretion mcreased to an extent which accounted 
for about 3 per cent of its theoretical pyrimidme content (Table VI) 

Tabm; VI 

Effect of Feeding Acid-Hydrolyzed Yeast Extract upon Urinary Excretion of Thiamine 

and Pyramm 

Each excretion value is the mean of two to five 24 hour unne samples which had 
variations of <r = 30 2 for pyramm and <r = 69 9 for thiamine See the text for ex- 
planations of “theory” and “analysis ” The “yeast” penod represents the excretion 
dunng the time that the acid-hydroIyzed autoclaved yeast extract was fed 


Subject 


1 Urmary eicretioo 

Pyrimidine fed 

Recovery 

Control 

Yeast 

1 

Difference 

Theory 

Analysts 

Theory 

Analysis 



y 

y 

y 

y 

m 

per uni \ 

ter cent 

Ja 

Pyramm 

303 

345 

-h42 

960 


4 4 

53 


Thiamme 

654 

655 

4-1 





Wa 

Pyramiu 

185 

236 

4-51 

16S0 


3 0 

40 


Thiamme 

95 

118 

-r23 

1 

m 

i 



On the basis of the pynmidme foimd by actual analysis of the acid-hydro- 
lyzed autoclaved j’^east extract, the urmaiy recovery accounts'for 50 per 
cent of that mgested Agam, the influence of the yeast on the urmary 
thiamme excretion was insignificant 

DISCUSSION 

The urmary excretion of pyramm represents a variable fraction of the 
thiamme mtake When the thiamme mtake is plotted against the pyramm 
excretion, the resultmg curve shows an excretion of 70 7 of pyramm at zero 
thiamme mtake The curve rises contmuously to a thiamme mtake of 2 5 
mg per day where the excretion levels off at a value of about 450 7 of 
pyramm (4) At first the pyramm excretion at zero thiamme mtake was 
considered as a “dietary blank,” due to the pyrimidmes contributed by the 
processed foods m the diets This suggestion found confirmation m the 
go 7 of pyramm excretion actually observed when the subjects vere mam- 
tamed on a zero thiamme mtake This caused consideiable concern smce 
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the diets used m our studies (1) piovidcd SO to 100 y of pyiimidine per day 
If this level of pynmidiue were ic&ponsiblc foi the uiinary “dietary blank,” 
then any slight fiuctiiation in the amount piesent in the diet uould consti- 
tute an import int souice of the variation obscived in the daily pyramin 
evcretion Ilowcicr, there was no consistent lelationship betw'een the 
pynmidme content of the tliet and the day to daj’’ vaiiations in uiinary 
pyramin excretion 

Additional support for the lij pothesis that the “dietary blank” was not 
primarily related to the diet w as found m a consideration of the different 
diets used in our laboratory In later experiments the diets contamed 
mainly fresh food, while in the earlier experiments (4) they were made 
largely of processed foods The amount of thiamine degradation products 
in these two cases was obiiously very different, yet in spite of this, the 
pyramin excretion, data fitted the same mtake-excretion curve In order 
to account for a “dietary blank” of 70 y per day on the basis of the 3 per cent 
excretion obseried in this work, it w'ould be necessaiy to assume that the 
diets contamed pyrimidine breakdown products derived from the cleavage 
of 4 mg of thiamine None of the diets contained that much thiamme 
origmally 

A more plausible explanation for the pyramin excietion at zero thiamme 
intake is that this represents the thiamme metabolism when no outside 
source of thiamme is available It is impossible at present to indicate 
whether or not this should be considered a basic or special type of vitamin 
metabolism This implies that another mechanism was also operative, 
according to which the urinaiy excretion of pyiamm is proportional wnthin 
limits to the thiamme intake 

The present x\ork indicates that, w^hen a sjuthetic pyrimidme such as 
2'methyI-4-araino-5-ethoxymethyIpynrmdine is fed, only 3 per cent of the 
intake can be accounted for Yet, m the noi mal metabolism of thiamme, a 
larger fraction of the intake must be excreted as the pyrimidme component 
in the form we have termed pyiamm It is knowm that, besides the pyrim- 
idine component of thiamme, fairly large amounts of the thiazole group 
are excreted m the urine ^ This would make it plausible to assume that the 
metabolic breakdown of thiamme at some stage mvolves a split of the 
compound into the pyrimidme and thiazole groups On this assumption, 
it might be expected that the excretion of the pyiimidine gioup would be 
similar when either thiamme oi the synthetic pyrimidme is fed Why 
there should be a maiked difference m the recovery of the pyridimme m 
these two cases is unknown 

At piesent it is impossible to explam why the increase m the pyramin 

' Johnson, B C , personal communication 
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excretion should lepiesent about 3 pei cent of the pyirmidme theoretically 
present in the autoclaved oi acid-hydrolyzed autoclaved yeast exdiact 
The lelation of pyiamm excretion to pyiunidme fed is much more constant 
when calculated on the basis of the theoretical content than on the basis of 
that found by actual analysis of the treated yeast extract The fate of 
most of the pyiimidme oiigmally present m the yeast is unknown Poor 
mtestmal absorption, conveision of the pyrimidme to thiamme by the 
bacteria m the mtestmal tract, and the loss of this thiamme either m the 
feces or m the urine have been elimmated as possible explanations foi this 
loss 

The action of the synthetic pyrimidme m decreasmg the excretion of 
both thi amm e and pyramm-like substances m the feces was unexpected 
Origmally, it was thought that some of the pyrimidme might have passed 
into the lower part of the gastromtestmal tract where it was conveited by 
the bacteria into thiamme This obviously does not happen, m fact, it 
appears as though the synthetic p 3 mmidine actually suppresses both the 
thiamme and the pyramm-like compounds m the feces 

Although there is very little evidence on the ability of pyrimidmes to 
replace thiamme, it is geneially assumed that the pyrmudmes are unable to 
act as substitutes foi this vitamm m the metabohsm of higher animals (9) 
Undei the conditions of this expeiiment, it was impossible to secme a com- 
plete answei to this question, but the influence of one of these compounds 
on the urmary excretion of thiamme and pyramin was studied In the 
absence of any evidence to the contrary, it may be assumed that, if the 
pyrimidme were used by the body m place of dietaiy thiamme, then at 
least a fraction of the “spared” thiamme should appear m the urme The 
ingestion of even laige amounts of the synthetic pyiimidme had no essential 
influence on the lumaiy thiamme excretion, so that from this evidence 
alone it does not appear likely that this pyrrrmdine can replace thiamme as 
far as human bemgs are concerned 

There have been a number of suggestions that heat treatment of thiamme 
results m the breakdown of this compound mto its p 3 Timidme and thiazole 
groups This was based origmally on studies made by Robbins and 
Bartley (6) who vent no further than to get suggestive evidence foi the 
presence of the pyrimichne group m autoclaved yeast Schopfer and 
AluUer (7) extended this type of work and claimed that thermal decomposi- 
tion of thiamme resulted m the formation of both the pynmidme and the 
thiazole moieties Aloie recently Obermeyer and Chen (5) haxe mdicated 
that heat treatment of substances such as yeast, bread, flour, and crystallme 
thiamme produces a cleavage of the thianune molecule In these cases 
from 37 to 67 per cent of the destroyed thiamme could be accoimted for as 
the pyrimidme and thiazole moieties The method of Obermejer and 



\\ O ( \'5ll II \ND 0 '\UCIvLIbIN 


119 


Choniinohcbthcinculiition of the test sample w ith bakci-s’ j'cost and floui 
for 21 hours The thiamine content of the above mixture \\as determined 
before ind after imubition bv means of tlic thiochiome technique In 
onlorto determine the moietv which was pic^-cnt in limiting amount, other 
fermentation assajs wci-e m ule with added thi izole in one case and added 
>\nthetic pjTimidinc m the othei Theu d.ita aie difficult to intcipret, 
but it appears th it foi the he it-tre ited substances the addition of eithei 
thiazole or p 3 Timidine prcKluccd an increase in thiamine above that secured 
m the absence of these compounds Accoiding to then hypothesis, the 
incubation carried out w ithout cither one of the thiamine moieties should 
ha\e been himted bj only one of these compounds Then w'hen the 
sample was incubated w ith the thiamine moieties, onl}’’ one of them should 
produce an^ increase in the thiimine content beyond that seemed in the 
absence of these compounds Obeimej'ei and Chen do not even mention 
this increased formation of thiamine bj’’ the addition of both thiamine 
moieties 

In only a few cases ha\e the actual dcgiadation pioducts of thiamine 
been isolated Williams iiid cow oikei'S (10) isolated the sulfited pyrimidine 
and thiazole groups fiom a solution of the vitamin to w'hich sodium bisulfite 
had been added Krampitz and Woolley (2) isolated 4-methyl-5-hy- 
droxj'ethylthiazole and 2-mcthyI-4-ammo-5-hydio\ymethylpyrimidine as 
products resulting fiom the action of thiammase on crystalline thiamme 
Until chemical isolation studies similar to these aie applied to the degiada- 
tion products of thiamine lesultmg fiom heat tieatment, it is very difficult 
to get any tiue indication of the actual reactions The use of biological 
methods m answermg the cpiestion of the pioducts foimed is of dubious 
value, smee the specificity of most of the methods has not been adequately 
estabh'^hed 


SUatMAKY 

1 When 2-methyl-4-amino-5-etho\ymethylpyiimidme w^as given to 
normal young men at le\els up to 4 mg pei day, only 3 per cent of the 
intake could be lecoieied in the urme as pyiamin during the following 24 
houis The fraction lecovered w as constant over an 8-fold range of intake 
levels The pyrimidine has no influence on the urmaiy excretion of 
thiamine There w as a considerable deciease in the fecal excretion of both 
thiamme and pyiamin following the feeding of the pyrimidme On this 
basis, theie is no evidence that this pyiimidme can substitute for thiamme 
in man 

2 When autoclaved yeast ex-tract was fed, the urinary recovery repre- 
sented 3 per cent of the pyrimidine theoretically resulting fiom the destruc- 
tion of the thiamme ongmally present in the extiact A maximum of 27 
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pel cent of this pyrimidine could be accounted for by direct analysis of the 
autoclai ed 3 '^east extract Boiling the autoclaved yeast extract in dilute 
acid apparently destroyed about a fourth of that detected by direct analysis 
This would mdicate the need foi caution m the prepaiation of samples for 
thiamme analysis by the yeast fei mentation method 
3 When acid-hydrolyzed autoclaved yeast extract was fed, 3 per cent of 
the theoietical pyrimidme was again recovered as pyramin in the urine 
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PEPTIDE BOND SYNTHESIS 

III ON THE .MECII VNISM OF p-iUIINOHIPPURIC ACID SYNTHESIS* 

Br PHILIP P COHEN uro R W McGILVERY 
(From the Laboratory oj Physiological Chemistry, Uniicrsily of Wisconsin, Madison) 

(Rccci%cd for publication, July 16, 1947) 

By the study of p-aminohippuric acid (PAH) synthesis in rat liver 
homogenates (1), it was established that the reaction was m some manner 
related to the tr insfer of higli energy phosphate How’evei , even with the 
dilution of endogenous metabolites by the homogemzation technique, the 
high rate of stmthcsis obtained m the absence of any substrate other than 
p-ammobenzoic acid (P.VB) and glycme preiented precise evaluation of 
the mechanism by which energy is transferred fiom the oxidative metabo- 
lism to the s^mthetic sjstem This w'as particularly tiue of the role of 
the adenj 1 phosphates 

We ha\ e now found that the sjmthetic activity is associated with the m- 
soluble residues of the rat liver cell, which has enabled us to suppress 
almost completely the endogenous metabolism by differential centrifuga- 
tion and w ashmg In unpublished work w'lth entire homogenates, w'e had 
found adenyhc acid to be as active as adenosine tiiphosphate (ATP) m 
stimulating the formation of PAH, which had led us to conjectme that 
adenyhc acid might be the active agent, functioning m a hitherto unknowm 
manner We now know that this is not true, that ATP is the actual 
energy-donatmg compound, and that adenylic acid is effective only imder 
conditions by which it may be phosphorylated to form ATP 

This paper reports the experiments establishing the above facts, to- 
gether w ith data on some properties of the enzyme system 

BXPERIJIENTAL 

Tissues — Isotonic KCl homogenates were made as before (1) A por- 
tion of the’ homogenate was centrifuged at 2000fif for 10 min utes m the 
cold The sediment obtained by this treatment should contam all of the 
cell nuclei together with a part of the mitochondiial fraction (2) and is 
designated m this paper as the residue For washmg, the residue was 
resuspended m the ongmal volume of fresh KCl, and centrifuged as above 
Residue washed twice in this manner is designated washed residue Other 
treatments are described m the individual experimental details 

* Aided m part by a grant from the Wisconsin Alumni Research Foundation 
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Suhstates — ^Adenylic acid ivas piepared from ATP by the method of 
Kerr (3) N-Phosphoglycme was prepared by the method of Wmmck and 
Scott (4) Other substrates were obtamed as previously reported (1) 
The mcubation media weie prepaied by mixmg isotonic solutions of the 
substiates at pH 7 55, and usually contamed 0 0026 m magnesium sulfate, 
0 04 ivi potassium chloride, 0 001 ai PAB, and 0 015 ai glycme and were 
made isotonic with potassium phosphate at pH 7 55 after addition of any 
further substrates, so that the final phosphate ion concentration varied 
from 0 04 to 0 06 at 

P? ocedure — ^The incubation and analysis were earned out as before (1) 
The results are expressed as micromoles of PAH formed per mg of tissue 
nitrogen 


Results 

Differential Centrifugation — In these mitial expeiiments, adenyhc acid 
rather than ATP was added to the media Since the residue contains all 
of the nuclei and has 80 per cent of the activity (Table I), while the supei- 
natant has less than 4 per cent, and addition of the boiled supernatant to 
the residue results m almost complete restoration of the origmal activity, 
it is apparent that the activity is associated with the large insolut le com- 
ponents of the cell In othei experunents, m which the supematmt ivas 
added to the washed residue, 84 per cent of the activity of the entne 
homogenate was attamed, showing that, at most, 16 per cent w'as lost m 
the washing procedure These observations are complicated by an mitial 
nse m the activity of the homogenate upon storage m the cold At the 
end of 4 hours, the activity is 6 to 15 per cent greater, although at the end 
of 24 hours storage it has dropped to 37 to 45 pei cent of the mitial value 
Smee the residue activity is compared to the activity of homogenate which 
has been stored durmg the sepaiation and washmg procedures, the results 
are affected by changes withm the entire homogenate which may not be 
occurimg m the separated residue 

Cometabohtes — ^The effect of removmg the endogenous metabolites W'as 
immediately apparent m the experiments of Table II If either, or both, 
fumarate or adenylic acid w as removed from the media, the activity w as 
S to 12 per cent that of the complete system Removmg cytochrome c 
reduced the activity to 23 pei cent None of these substances showed as 
clear an action m the entue homogenate (1) 

jMagnesium ion w as also clearly required (Fig 1), although it stimulated 
only a few per cent m the entire homogenate Instead of the inhibiting 
action formerly expenenced at higher concentrations, a second plateau was 
now reached 

Adenosine Phosphates — It was now possible critically to examme the 
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role of the uion^lK ''\‘>tc‘ni VTP \\ is miikcdly moie eftcctivc than 
adenjlit uul it all tom entr itions (Fij; 2) In expeiiments extending 

rtuiL I 

Dijftrciiiial Cciitnfugalton of Jlal Lncr Homogenate 
15 per cent rit Iietr homogcnitc \\ is centrifugid it 2000^ for 10 minutes Both 
the bupernst ml md residue were m ide up to the original volume with laotomc KCl 
Boiled superiutant w is jirep ired hj hciting the supernatant 5 minutes at 100°, 
centrifuging off the precipitated proteins, md using the clear jellow solution 
Tissue nitrogen per 11 isk, entire lioinogenitc 3 -IS mg , residue 1 13 mg , supernatant 
2 27 mg 1 mal conceiitr itions, 0 001 m p aminobenzoic acid, 0 015 it glycine, 0 0004 
M magnesium sulf ite, 0 0025 m fumaratc, 0 0005 \i idenylic acid, 0 000012 it cyto- 
chrome c, 0 01 M potassium chloride Tot il \olumc of 4 0 ml made isotonic with 
potassium phosphate atpll 7 55, and incubated 40 minutes at 3S° with air as the gas 
phase 


Tissue 

PAH formed 


micromoUs ^ 

mtcromoles 
per mg N 

Entire homogenate 

1 98 

0 57 

Residue 

1 59 

1 41 

“ -f supernatant 

1 98 

0 57 

Supernatant 

0 07 

0 03 

Residue + boiled supernatant 

1 96 

1 73 


TiBLE II 

Effect of /' umaratc, Adenylic Acid, and Cytochrome c 
1 0 ml , containing 1 28 mg of nitrogen, of washed residue suspension added per 
flask Pinal concentrations, 0 001 it p aminobenzoic acid, 0 015 m glycine, 0 0004 m 
magnesium sulfate, 0 04 m potassium chloride Final volume of 4 0 ml made isotomc 
With potassium phosphate at pH 7 55, and incubated 40 minutes at 38° with air as the 
gas phase 


Substrates 

PAH formed 

Fumarate, 0 0025 u 

Cytochrome c, 0 000012 u 

Adenylic acid, 0 0005 u 




micromoles per mg N 

+ 


— 

0 10 



— 

0 09 

_ 


"T 

0 12 

+ 

4~ 

— 

0 10 

+ 

— 


0 27 

— 

+ 

+ 

0 13 



+ 

1 1 13 


the concentration range, it was found that adenylic acid began to inhibit 
beyond 0 0005 m, the value at 0 0015 m being 78 pei cent that of the peak 
value, while the ATP curve was essentially flat over the same range 
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Fig 1 The effect of magnesium ion 1 ft ml , contaimng 1 04 mg of mtrogan, of 
washed residue suspension added per flask Fmal concentrations, 0 001 m p amino- 
benzoic acid, 0 015 at glycine, 0 0003 ii adenyho acid, 0 0025 u fumarate, 0 000012 st 
cytochrome c, 0 04 ai potassium chloride, the total volume of 4 0 ml made isotomo 
with potassium phosphate at pH 7 55, incubated 40 minutes at 38“ with air as the 
gas phase 



FiG 2 Comparison of adenylic acid and adenosine tnphosphate (ATP) 10 
ml , contaimng 0 82 mg of nitrogen, of washed residue suspension added per flask 
Fmal concentrations, 0 001 ai p-aminobenzoic acid, 0 015 u glj cine, 0 0025 u fumarate, 
0 000012 M cytochrome c, 0 0026 ii magnesium sulfate, 0 04 m potassium chloride, 
the total volume of 4 0 ml made isotomc with potassium phosphate at pH 7 5o, 
incubated 40 minutes at 38° with air as the gas phase 
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In the absence of any acldod oxidative metabolite, ATP could support 
the reaction anaerobicallj (Fig 3), m contrast to adenylic acid (Table II) 
The endogenous metabolism is not completely suppiessed m the washed 
residue, as is shown by the difteicnce between the aeiobic and anaerobic 
cur\es at higher ATP concentrations It ma}’’ be noted m comparmg 
Figs 2 and 3 that the addition of the oxidative system, fumarate plus 
cytochrome c, to lesynthesize ATP hydrolyzed by adenosmetriphosphatase 
(ATPase) is desirable to ar oid the use of high ATP concentrations The 
shape of Fig 2 is complex, due to the balance betw'een synthesis and 



Fig 3 Comparison of aerobic and anaerobic conditions on adenosine triphosphate 
(ATP) activity 1 0 ml , contaimng 1 03 mg of mtrogen, of washed residue suspen- 
sion added per flask Final concentrations, 0 001 »i p aminobenzoic acid, 0 015 m 
glycine, 0 0026 M magnesium sulfate, 0 04 m potassium chlonde, the total volume of 
4 0 ml made isotonic with potassium phosphate at pH 7 55, incubated 4Q minutes at 
38°, aerobic flasks incubated with air, anaerobic with mtrogen, as the gas phase 

hydrolysis of ATP, while that of Fig 3, where little synthesis occurred, is 
relatively simple 

The ex-penment of Table III demonstrated two interesting points 
Storing the entire homogenate in the cold for the length of time necessary 
to complete six washmgs of the residue (90 minutes) resulted in almost 
complete loss of activity m the absence of added ATP, whereas in our 
previous study (I) we had been able to demonstrate only a slight effect, 
employmg fresh homogenates Secondly, the loss of activity upon re- 
peated washmgs appears to be due largely to loss of ability to resynthesize 
ATP, since the activity with the latter compound alone is relatively 
constant, although the amount of synthesis attained with the complete 
system drops 44 per cent during six washmgs The activity per mg of 
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tissue nitiogen reaches its peak upon four washings It is to be remem- 
bered m this connection that the efficacy of the sepaiation depends upon 
the insoluble mateiial bemg intact or m laige fragments The contmued 
slou drop m the nitiogen value of the residue upon ledispersion attests 
the aggravation of the origmal damage done by homogemzation After 
four vashmgs the loss of synthetic activity exceeds the loss of competmg 
systems 


Table III 

Effect of Washing on Residue ^ciivUij 

Residue n ashed two, four, and six times with isotonic KCl, and made up to original 
homogenate volume with isotonic KCl Tissue nitrogen per flask, entire homog- 
enate 3 18 mg , twice washed residue 0 97 mg , residue washed four tunes 0 85 mg , 
residue washed six times 0 76 mg Final concentrations, 0 001 m p aminobenzoic 
acid, 0 015 ii glycine, 0 04 m potassium chloride, 0 0026 w magnesium sulfate Total 
volume of 4 0 ml made isotonic with potassium phosphate at pH 7 55, and incubated 
40 minutes at 38° with air as the gas phase 



Substrates 



Tissue 

0 0025 u fumarate 
+ 0 000012 M 
cytochrome c 

0 OOl u ATP 

PAH formed 




mictomtles 

micromoles 
per mg N 

Entire homogenate 

— 


0 62 

0 19 


+ 

— 

0 09 

HIM 


+ 

-f 

2 32 


Twice washed residue 

— 

+ 

0 67 

HiH 


+ 

— 

0 12 

0 12 


+ 

+ 

1 59 

i 1 64 

Residue washed 4 times 

— 

+ 

0 65 

0 76 



+ 

1 58 

mmM 

Residue washed 6 tintes 

— 

+ 

0 61 



+ 

+ 

1 31 

1 73 


To test for possible phosphorylated mtermediates, the experiment of 
Table IV vas densed N-Phosphoglycine is evidently not an mter- 
mediate Smce the late of the reaction is less if glycme is not present 
durmg the first 20 mmutes of mcubation, there must not be any accumula- 
tion of an mtermediate p-ammobenzoyl phosphate Although this does 
not exclude the transient formation of an mtermediate, it is probable that 
none has an mdependent existence The close agreement of the sum of 
the PAH formed m the first and second halx es of the mcubation period 
xxith that formed durmg the entire period precludes sigmficant loss m 
activity due to the absence of one substrate durmg the first half of the 
mcubation 
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CoiiKi/mci , — ^rho j) 3 iicline nucleotKlcb, tliiamino pyiophosphate, oi 
p3Tido\al plio'jpintc did not lia\ c any marked effect on the rate of synthesis 

Tuill IV 

Tt si /or Inlertnedialcs 

1 0 ml , containing 0 S4 mg of nitrogen, of washed residue suspension added per 
flask Final concentrations, 0 001 m p aininobcnzoic acid, 0 0075 m magnesium sul- 
fate, 0 01 M potassium chloride, 0 0025 v fumaratc, 0 000012 m cytochrome c Total 
\ olume of 1 0 ml made isotonic with potassium phosphate at pH 7 55, N-phosphogly- 
cino added as magnesium salt, substrates not present during the first half of incuba- 
tion added from the side arm at 20 minutes, and incubated 40 minutes at 38° with air 
as the gas phase 


Substrate 

Amount ol PAH formed mtb substrate present 

0 to *10 mm 

0 to 20 mm ! 

20 to 40 mm 

0 005 XI glycine + 0 0005 xf ATP 

0 005 “ N-phosphoglycino -f 0 0005 m ATP 

0 005 " “ 

micromoles 
per mt N 

0 67 

0 26 

0 05 

micromoles 
per mt If 

0 38 

0 20 

t 

micromoles 
per ms If 

0 31 

0 10 

i 


Table V 

Coenzymea and Oxygen Conaumplton 

1 0 ml , containing 1 CO mg of mtrogen, of washed residue suspension added per 
flask Final concentrations, 0 01 u potassium chloiide, 0 0026 u magnesium sulfate 
in all flasks, 0 001 ii p aminobenzoic acid (PAB), 0 0005 u adenosine tnphosphate 
(ATP), 0 015 M glycine in all except endogenous metabolism flasks, 0 0025 M fumarate, 
0 000012 M cytochrome c in all except substrate metabolism flasks Total volume 
of 4 0 ml made isotonic with potassium phosphate at pH 7 55 and incubated 40 
minutes at 38° with air as the gas phase 


Substrates 1 

FAH formed j 

Oxygen uptake 

(a) None 

micromoles 
per MS N 

microUiers 
per ms N 

6 5 

(6) PAB, glycine, ATP 

0 21 

8 0 

(c) (6) -f fumarate, cytochrome c 

1 20 

74 0 

(d) (c) -f 0 0005 M diphosphopyndine nucleotide 

1 15 

87 1 

(c) (c) -f 0 00005 M triphosphopyndine nucleotide 

1 22 

1 82 7 

(/) (c) -t- 0 0005 XI thiamine pyrophosphate 

1 25 

78 1 

(ff) (c) + 0 00005 ii pyridoxal phosphate 

1 1 19 

81 2 


(Table V), but they did affect the oxygen consumption No correlation 
of PAH synthesis with the rate of oxygen consumption can be noted 
The dilution curve with washed residue (Fig 4) has the same shape as 
that found with whole homogenates (1) in the absence of ATP, except that 
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the slight dilution effect has disappeared, a linear extrapolation mter- 
sectmg the axis at less than 0 03 mg of residue nitrogen This indicates 
that the system is complete, and if any cofactor is mvolved, it must be so 
strongly bound to the enzyme that the washmg procedure does not re- 
move it 



Fig 4 Effect of washed residue concentration Final concentrations, 0 001 m 
p-anunobenaoie acid, 0 015 ai glycine, 0 0025 ii fumarate, 0 000012 sr cytochrome c, 
0 0005 M adenosine tnphosphate, 0 0026 m magnesium sulfate, 0 04 m potassium 
chlonde, the total volume of 4 0 ml made isotonic with potassium phosphate at 
pH 7 55, incubated 40 minutes at 38° with air as the gas phase 

Stability of Enzyme — ^We had early noted that freezmg of the entire 
homogenate destroyed 85 per cent of the activity 

Fig 5 illustrates the loss of activity upon maLmg the incubation medium 
either hypo- or hypertonic by removal or addition of KCl At 3 9 times 
the isotonic concentration all of the nucleoprotem, which usually forms 
fibrous masses dmmg the mcubation, had been converted to a viscous mass 
charactenstic of desoxyribonucleoprotem solution m high salt concentra- 
tions (5) Changes m the state of aggregation of the nucleoprotem due to 
changes m tomcity caused irreversible mactivation of the system (Table 
VI) m which the v ashed residue was treated for 10 mmutes with water or 
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Fig 5 Effect of osmotic pressure 1 0 ml , contaimng 1 30 mg of mtrogen, of 
washed residue suspension added per flask Final concentrations, 0 001 m p amino- 
benzoic acid, 0 015 st glvcine, 0 0005 m adenosine triphosphate, 0 0025 m fumarate, 
0 000012 M cytochrome c, 0 0026 ii magnesium sulfate, 0 054 m potassium phosphate 
at pH 7 55, osmotic pressure expressed m fraction of isotomc concentrations and 
vaned by removal or addition of KCl, incubated 40 minutes at 38° with air as the 
gas phase 


Txble VI 
Stabthty oj Enzyme 

Washed residue aliquots treated with cold acetone and dried in vacuo, triturated 
10 minutes with water, or triturated 10 minutes with 0 616 m KCl, and added as sus- 
pensions in KCl Tissue nitrogen per flask, untreated washed residue 0 66 mg, 
acetone dried residue 1 06 mg , water treated residue 0 82 mg , KCl-treated residue 
0 78 mg Final concentrations, 0 001 m p aniinobenzoic acid, 0 015 m glycine, 0 0025 
M fumarate, 0 0005 M adenosine triphosphate, 0 0026 ir magnesium sulfate, 0 000012 Jt 
cytochrome c Total volume of 4 0 ml made isotonic with potassium phosphate at 
pH 7 55 before the addition of tissue (see the text), and incubated 40 minutes at 38° 
with air as the gas phase 


1 

Trcatmeat of residue 

PAH formed 


mxcTomolti per ms N 

None 

0 97 

Acetone dried 

0 04 

Water trituration 

0 28 

0 616 M KCl trituration 

0 67 


With 0 616 M KCl and then added to the isotomc medium The water 
solution was lestored to isotomcity before addition to the medium, but the 
hypeitomc suspension could not be diluted to isotomcity and still main- 
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tarn the volume lelationships m the final mixture, so it was mcubated in 
medium which A\as 15 times isotomcity While the short exposure to 
hypertonic KCl at 0° uas madequate to produce any visible solution of 
nucleoprotein, the amount of S3Tithesis was 69 per cent of the control as 
compared to the 91 per cent achieved on mcubation with 1 75 times isotonic 
solutions (Fig 5), showmg that the loss is not due to the exposure to a 
hypertonic concentration durmg mcubation 
Acetone drymg of the residue lesulted m 96 pei cent loss of activity 
Apparently, any treatment affectmg the association of the nucleopioteins 
destroys the enzyme system 


Tabi/B VII 

Activity of Various Rat Tissues 

1 0 ml of washed residue added per flask Tissue mtrogen per flask, kidney 
0 S6 mg , brain 0 86 mg , testis 0 69 mg , spleen 0 63 mg , heart 0 51 mg , liver 1 63 mg 
Final concentrations, 0 001 ii p aminobenzoic acid, 0 015 m glycine, 0 0025 n fumarate, 
0 000012 M cytochrome c, 0 0005 st adenosine triphosphate, 0 0026 n magnesium sul- 
fate, 0 04 v potassium chloride Total volume of 4 0 ml made isotomc with potas 
Slum phosphate at pH 7 55, and incubated 40 minutes at 38“ with air as the gas phase 


Tissue 

PAH {ormed 

Kidney 

mtcrfimolcs per tnz N 

1 21 

Brain 

0 01 

Testis 

0 00 

Spleen 

0 00 

Heart 

0 03 

Liver 

1 13 


Occurrence of Enzyme — ^As was found m tissue slices (6), only the rat livei 
and kidney possess activity (Table VII), and m the homogenate-washed 
residue, where diffusion is not a consideration as it is m slices, both tissues 
were approximately equally active In mterpretmg these data fiom a 
quantitative standpomt, one should be cautioned that results with washed 
residue do not show the constancy from preparation to preparation ex- 
perienced with entire homogenates The r^ariabifity may aiise from slight 
differences in the condition of the animal and m the homogemzation tech- 
nique which may affect the distribution of the mtracellular components 
upon centrifugation, as well as from uncontrolled differences in the rvashing 
techmque 

DISCUSSION 

ATP has been show n by Lipmaim to be necessary for the formation of 
acetylated aromatic amines (7) and by Speck foi the formation of glutamme 
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(S) These syntheses aie closely lelated in that the enzymes mvolved may 
be extracted from an icetone ponder of the soluble cellular material, m the 
requirements for magne&ium ion, and m the foimation of a hydroxamic acid 
in the presence of hj droxylamme (Indeed, the latter obseivation would 
suggest that the formation of glutamme and the hydi oxamic analogue may 
be a non-enzymatic reaction resultmg from the phosphoiylation of the 
“fatty acid” carboxjl group of glutamic acid, in the same manner that 
Lipmann has shon n that the hydroxamic acids may be formed from the 
fatty acids Hone\er, Lipmann established the fact that the acetylation 
of the aromatic amines is itself an enzymatic reaction n hich does not pro- 
ceed through the acyl phosphate ) 

The formation of PAH differs from the above reactions m that it is cata- 
lyzed by a system present in the msoluble residue of the cell which is sensi- 
tive to deviations m salt concentration and vhich requires potassium ion 
It IS remarkable, therefore, that it also proceeds by the transfer of high 
energy phosphate from ATP m the presence of magnesium ion 

The many mechanisms proposed for peptide synthesis mclude the re- 
versal of proteolysis (9), transacylation of acetylated ammo acids (10), the 
formation of keto peptides (11), the formation of dehydropeptides (12), and 
transphosphorylation (13) It is now recognized by most workers that the 
experimental coupling of protem synthesis to the oxidative metabolism 
excludes reversal of pioteolysis as being the dominant mechanism for pep- 
tide bond formation Further evidence excluding any mechanism involving 
the formation of acetylated ammo acids, dehydiopeptides, or keto peptides 
IS provided through the woik of Simmonds, Tatum, and Fruton (14) on 
mutant strams of Escherichia coh which required phenylalanine or tyrosme 
foi gro\vth None of the derivatives listed above of the lequired ammo 
acid was able to mamtain growth, although the tiue peptides, as well as the 
free keto acids, could do so In the absence of any moie likely suggestion, 
ve believe that futuie efforts should be directed along the lines of trans- 
phosphorylation, Mith ATP as the phosphate donor Spiegelman and 
Kamen (15) have suggested nucleic acids as phosphate donors m protem 
synthesis 

A comparison of the data of this papei with that obtamed with whole 
homogenates (1) emphasizes certain pomts of the homogenate technique 
Smee this system requiies ATP, and the entire homogenate is able to cany 
on a fan- degree of synthesis in the absence of any other substrates than 
PAB and glycme, it is obvious that the ATPase activity of homogenates is 
not able to keep the ATP concentration at meffective levels Admittedly, 
the concentration present at any mstant is small and may appear m high 
energy phosphate determmations to be negligible, but a consideration of 
the maximum ATP concentration necessaiy when ies 3 mthesis is possible 
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(Fig 2) Will show that the effective level is small Further, the concen- 
trations of ovidizable metabolites and cjdochrome c are anything but 
negligible Even aftei washmg the residue twice, enough residual metabo- 
htes are present to show a difference between the aerobic and anaerobic 
values at high ATP concentrations (Fig 3) The maximum stimulation 
by cytochrome c obtained m the entire homogenate was 40 pei cent 
In the washed residue, the stimulation was 430 per cent It is patent that 
the entire homogenate contams an appreciable cydochiome c concentration 
The same is tiue of magnesium ion, whose slight variable effect m the pre- 
vious study had led us to conclude that it was not necessary for the syn 
thetic reaction 

We have avoided attachmg a name to our enzyme system, behevmg it 
unwise to apply a name when the specificity and simplicity of the system 
are unknown However, smce the field of synthetic enzymes is beginning 
to be explored, v e wish to suggest the term “synthetase” for those enzymes 
creatmg a new molecule by the elimmation of water between two substrate 
molecules, excludmg the fonnation of phosphate esteis and anhydrides, 
and to precede the term with the name of the compound or class of com- 
pounds formed Thus, our enzyme, if specific for PAH formation alone, 
would be “p-ammohippuric acid symthetase,” if specific for all hippuric acid 
syntheses, it would be “hippuric acid symthetase” and if general for all 
peptides, “peptide synthetase ” The generic term, synthetase, would 
apply to all enzymes formmg amides oi esters By this method, choline 
acetylase (16) would be given a name, dependmg upon the specificity of the 
acetylation, similar to “acetylcholme synthetase” oi “acetate estei syn- 
thetase ” 

SUMMAKY 

1 The enzyme system fonnmg p-ammohippuric acid (PAH) from p-ann- 
nobenzoic acid (PAB) and glycme has been found to be associated wth the 
insoluble large particles of the rat hver cell 

2 The reaction requires magnesium ion and adenosme tnphospha 

(ATP) , 

3 Adenylic acid cannot replace ATP in the absence of an oxidiza e 
substrate and is less effective than ATP under equivalent conditions 

4 ATP IS more effective when fumarate and cytochrome c are adde o 
regenerate the hydrolyzed ATP 

5 Diphosphopyndine nucleotide, triphosphopyiidme nucleotide, t i 
me pyrophosphate, or pyridoxal phosphate has only shght effect on 
rate of synthesis 

6 The enzyme system is unstable to freezmg, acetone drymg, an y 
or hyp^rt°“® concentrations 

7 The enzyme system occurs only m the livei and kidney of the ra 
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THE SPECIFICITY OF ADENOSINE DKVjMINASE AND 
PURINE NUCLEOSIDASE 


By M L bCI[ VLDEL, M J WALDVOGLL, vnd F SCHLENK 

(.From the 1/ D InJcrson Hospital for Cancer Research, Fho University of Texas, 

Houston) 

(Hcceivecl for publication, June 23, 1947) 

In the couise of studies on the metabolism of purme nucleosides (1), we 
had the opportunity to examine two rare compounds of this class, adenme 
thiomethylpentosidc and isoguanosinc (crotonoside, 2-hydroxy-6-animo- 
purine-D-ribosidc) These substances afforded a chance to gain more 
insight mto the role which substituents of the purine nucleus and of the 
carbohydrate part play in determining the substrate specificity The 
foUouing is a 'report of our findings with adenosine deaminase and ptuine 
nucleosidase 


EXPERIMENTAL 

Substrates — ^/Vdenine thiomethylpentoside (formula IV) nas obtained 
from yeast^ by a modification- of the method described by Levene (2) 
The well crystallized product (m p 211°) had the following elementary 
composition 


CiiHuOjXtS Calculated C 44 44, H 5 OS, N 23 55, S 10 78 
297 1 Found ’ “ 44 22, “ 5 12, “ 23 46, “ 10 98 

The stiucture pioposed by Wendt (3) agrees with that suggested by 
Suzuki, Odake, and Mon (4) Falconei and GuUand have found that 
the sugar is attached at position 9 of the ademne molecule (5) Hypo- 
xanthme thiomethylpentoside was prepared from ademne thiomethyl- 
pentoside by mtrous acid treatment accoiding to the directions of Kuhn 
and Henkel (6) 

Isoguanosme (crotonoside) was discoveied by Cheibuliez and Bernhaid 
(7) in croton beans {Croton tighum L ) and the structure as suggested by 
these authors was established beyond doubt by Spies and Drake (8) The 
attachment of the carbohydrate group in position 9 of the puime nucleus, 
as given m formula III, has been suggested by Falconei, Gulland, and 
Stoiy (9) The source material for the prepaiation of crotonoside is 
almost unobtamable at present The examination of this compound was 

* Generously supplied by Anheuser-Busch, Inc , St Louis 

^ Schlenk, F , to be published 

“ Dr H R Morris, Galveston 


135 



136 


adenosine deaminase and purine nucleosidase 


made possible by Dr J R Spies who provided us with a generous sample 
of it ' 

Adenosine, xanthosme, and guanosme were piepared by the usual 
piocedures (10) 

Enzymes — ^Adenosine deaminase was prepared from smaD intestine by 
the directions of Brady (11) with additional purification steps While 
this work was in progress, a new procedure w^as pubhshed by Kalcbar (12) 
which IS based on Schmidt and Thannhauser’s earlier outline (13) Both 
methods yield preparations which, under suitable conditions, deammate 
several tunes their own weight of adenosine per minute A detailed ac- 
count of our purification experiments will appear later Nucleosidase was 
prepaied from acetone-dehydrated lat or rabbit Iivei The extract of this 
was pmified according to Klein (14) and to Kalckai (12) 

Table I 

Action of Adenosine Deaminase on Various Substrates 
Experimental conditions aa given m the text Concentration of deaminase, 35 4 
y per sample in Experiment A, 3540 y per sample in Experiment B 


\ 

Substrate 

NHj liberated 

Experiment A 

Expenmcat B 


micromoles 

micromoles 

No substrate 

<0 05 

<0 05 

Adenosine 

37 05 

1 35 90 

Guanosme 

<0 05 

0 23 

Isoguanosine 

<0 05 

<0 05 

Adenine tbiometbylpentoside 

<0 05 

<0 05 


Expeiimenis mth Adenosine Deaminase — ^To study the rate of deanima- 
tion both the conventional ammonia deteimmation and the spectrophoto- 
metnc procedmes of Kalckar (12) were used 

In the formei experiments the conditions were as follows To 10 mg of 
nucleoside in 1 0 ml of 0 06 m phosphate buffer, pH 6 5, 1 0 ml of en:^me 
solution was added and the mixture mcubated at 37° for 2 hours The 
reaction w'as stopped with 1 0 ml of 1 n hydrochlonc acid and the am- 
monia liberated wms determined by distillation with an excess of alkah 
(15) and collection in a measured amount of 0 01 N hydrochloric acid 
Control ex-periments showed that no significant amount of ammonia w'as 
liberated from the substrate or enzyme alone durmg mcubation and distilla- 
tion In Table I the results of deammation experiments are show n As 
can be seen, adenosme deammase is strictly specific toward adenosme 
This has been confirmed by spectrophotometnc measurements The use 
of spectrophotometry to foUow' enzymatic changes of purme compounds 
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was first tlcbcnbed by Kalcbar (12) We have applied his technique to our 
studies 1 lie changes w Inch w oidd result from deamination of isoguanosine 
to \anthosme ind of adenine thiomethylpentoside to hypoxanthme thio- 
methylpentosido are illustrated in Figs 1 and 2 We found the absorption 
spectrum of isoguanosine rather different fiom that reported for this 
compound by Falconer, Gulland, and Story (9) There is close agreement 
betw ecn our data and those of these English authois with respect to adenine 
thiomethylpentose (5) and \anthosine (9) No data have been reported 




m/j. 

Fig 1 Fig 2 

Fig 1 Absorption spectrum of adenine thiomethylpentoside (O) and hypo\an- 
thme thiomethylpentoside (•), in 0 02 \i phosphate buffer, pH 7 5 

Fig 2 Absorption spectrum of isoguanosine (O) and \anthosine (•) m Q 02 m 
phosphate buffer, pH 7 5 

earlier for hypoxanthine thiomethylpentoside Its absorption spectrum 
resembles that of inosine (16) A Beckman spectrophotometer, model 
DU , was used for the measurements which aie given in Table II Deami- 
nation of adenosme is indicated by the decrease m the absorption mtensity 
at 260 m;i Isoguanosine and adenine thiomethylpentoside are not at- 
tacked Their absorption spectra remam unchanged 
Expenments with Nucleosidase — ^For determmation of nucleosidase 
activity the lodometric procedures of Grynberg (17) and Dmochowski (18) 
as adapted by Klein (14) were used Nucleosides do not react with 
hjTioiodite, but, after splitting them into then components, the aldehyde 
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group and some of the purme bases react with lodme Guanme reacts 
uith 4 equivalents of iodine, while hypo\apthme reacts with about 1 
equivalent Adenine does not react under the conditions of the 
WiUstatter-Schudel titiation (19) Data for isoguanosine and isoguanine 
have not yet been listed in the hterature We found that isoguanosine 
does not reduce hypoiodite, while isoguanine, like guanine, reacts with 4 

T^ble II 

Action of Deaminase on Adenosine and Related Purine Nucleosides 
Spectropholometric Technique 

Concentration of substrates, 16 6 7 per ml , deaminase 2 0 7 per ml of 0 066 m 
phosphate buffer, pH 7 5 


Substrate 

Wave length 

Density readings alter incubation for 


0 mm 

3 mm 

12 mm 

22 mm 

Adenosine 

wn 

260 

0 729 

0 600 


m 

Isoguanosine 

290 

0 780 

0 777 



Ademne thiomethylpentoside 

260 


0 722 

0 722 

0 722 


• Table III 

Action of Nucleosidase on Purine Nucleosides 
Each sample contained 17 micromoles of substrate and 8 7 mg of nucleosidase m 
3 5 ml of 0 02 M phosphate buffer, pH 7 5 Incubation at 37° Perchloric acid was 
used for deproteinizing ( 20 ) 



Increase m nucroequivalents of iodine reduced 

Substrate 

after 

1 

I hr 

3 brs 

No substrate 

0 

0 

Guanosme 

10 2 

29 1 

Isoguanosine 

1 3 

2 1 

Ademne thiomethylpentoside 

0 

0 

Hjpoxanthine thiomethylpentoside 

0 

2 5 


eqmvalents of iodine Therefore, the sphttmg of isoguanosme may be 
followed by the lodometric technique as m the case of guanosme 

The conditions are moie complicated vith ademne thiomethylpentoside 
Wendt (3) has found that the thiomethyl group reduces 2 eqmvalents of 
lodme and yields the correspondmg sulfoxide He used 0 1 n lodme and 
alkali solution TJsmg more dilute solutions (0 01 n lodme and 0 02 a 
alkali), we found that less than 2 eqmvalents of lodme are bound by 
ademne and hypoxanthine thiomethylpentoside Regardless of this, the 
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splitting of tile compounds under consideration by nucleosidase would be 
indicated by increasing imounts of iodine leduced due to the libeiation of 
the aldehyde group Oui observations with nucleosidase are listed in 
Tible III, wdiich gucs the increment of iodine reduction after incubation 
’ It IS evident that the nucleosidase prepaiation does not split adenine 
tluomethylpentoside and isoguanosme The action on hypoxanthine 
thioraethylpentoside is \ery limited and perhaps msignificant According 
to Kalckar (12), nucleosidase action is a phosphorolytic process, yielding 
the libile ribose-l-phosphate Accordingly, we checked the lodometric 


HC C — Nv I ^ I 
II ji chI ohqhI 

N-C-N'^C-C-C-C-CWiOH 
H H H H ^ 


H HiNC . 

[\] — C — — C — C — C — C — CH 2 OH 
H H H H 



!7 


N=(^-NH2 

N-C-N' 



H 


j-8-C-CH2SCH3 
fl H H " 


I, adenosine, II, guanosinc, III, isoguanosme, and IV, adenine thiomefchylpento- 
side 


lesults listed in Table III bj determmation of phosphate, using Lowry’s 
method (21) Only tlie splittmg of guanosine was accompanied by phos- 
phate uptake 


DISCUSSION 

The relationship of the pui me nucleosides used in our experiments may 
be seen from their formulas It is known that guanosine is resistant to- 
ward adenosme deaminase (22) Nucleosides othei than adenosme with 
the ammo group in position 6 have not been exammed earlier The failuie 
of deaminase to attack them is 1 eraarkable, because isoguanosme is differ- 
ent from adenosme only m that it has a hydioxy group instead of hydrogen 
m position 2, and adenine thiomethylpentoside differs m havmg a thio- 
methyl group in the caibohydrate moiet 3 ' The inability of deammase to 
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spilt the latter compound was expected, because it resembles somewhat 
adenosine-5'-phosphoric acid, which is resistant to this enzyme Not all 
modifications of the carbohydiate part, houever, mteifere, adenine desoxy- 
nboside is deammated by adenosme deaminase (11) 

Similai considerations hold foi the results with nucleosidase Earlier 
investigators (12, 23) found it capable of hydiolyzmg only mosine and 
guanosme The inertia of ademne thiomethylpentoside is analogous to 
that of adenosme, in ivhich the ammo group mterferes with nucleosidase 
action Hon ever, the failure of nucleosidase to spht hypoxanthine thio- 
methylpentoside emphasizes the fact that the carbohydrate part also 
contiibutes to the specificity A perfect fit (23) of the purine nucleus 
alone to the enzyme is not sufficient 

Our data amphfy the information on specificity of enzymes concerned 
with nucleic acid metabolism We agree with Dixon and Lemberg (23) 
m their criticism of the term “purme nucleosidase ” It should be replaced 
by a more specific name 


SUaiMARY 

1 Experunents with adenosme deammase fiom small intestme showed 
that 2-hydroxy-6-ammopmme-D-riboside (crotonoside, isoguanosme) and 
adenme thiomethylpentoside are not deammated 

2 The same compoimds are not spht by nucleosidase from mammalian 
tissue 

3 The implications of these findmgs with respect to enzyme specificity 
are discussed 
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INTRODUCTION 

Yn artificial i>jstcm containing a metalloporphyi m and a substance that 
coordinates vvnth it has several apsects that are of interest to the biochemist 
It IS partly analogous to several natural systems It exhibits that reversible 
combination between du erse substances, many instances of which aie bemg 
revealed among the biological catalysts and among othei components of 
the body Tlie changes m a system contaming an non poiphyrm mvolve 
exchanges of protons, electrons, and coordmatmg substance, thereby pro- 
vadmg the opportunity to integrate the free eneigy changes of three distmct 
types of process — types of process that undoubtedly are integrated in the 
continuum of the still more complicated chemistiy of the living orgamsm 

For these reasons a precise description of such a system should seive as 
that of a model system Unfortunately complexities and experimental dif- 
ficulties have militated against that precision of measuiement which is de- 
sirable m the definitiv'e description of a model Nevertheless, certam 
features having broad significance were outhned m the reports by Conant 
cl al (1, 2), by Hogness, Zschede, Sidwell, and Barion (3), by Barron (4), 
and in previous papers of this senes (5-9) What has been lacking is the 
completion of cycles of changes in one oi another such system, cycles around 
which the experimentalist can lead the system by modifymg conditions and 
components so as to resolve the system as a whole into pai t systems such as 
are represented m Figs 2 and 10 This leport is of an effort to find con- 
sistent relations by cnsscioss comparisons and completion of cycles of 
changes 

The importance of seeking consistency by tins means is made the moie 
evident by recollection of the following facts (a) Limited solubihties of 
some components restrict attempts to obtam precise values for some of the 
equilibrium constants (b) The involvement of several species places limi- 
tations upon the use of spectrophotometric data (c) So high a concentra- 
tion of a weakly coordinating base such as pyridine is required to approach 

* National Research Council Fellow in Medical Sciences, 1939-41 Present ad- 
dress, National Cancer Institute, National Institute of Health, Bethesda, Maryland 
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saturation of a ferriporphjTin that the “thermodynanuc enviroiiment” must 
be senously altered and the unique features of weak coordination are dif- 
ficult to define (d) The accumulatmg evidences that the ferriporph 3 Tuis 
exist in aqueous solutions as micellae, that there are dimenc umts withm 
the micellae, and that m some instances the latter are spht on addition of 
a coordmatmg substance suggest that ultimately a highly generahzed treat- 
ment may have to be used* A roughmg out of principal features seems 
advisable to show what simpbfications are permissible 

For the above reasons it is important to state the pohcy followed in the 
analyses of the experimental data here reported Whenever practical we 
have used those objective methods of analyzing data given m Paper I of 
the senes and with the simplest postulates that are consistent with the data 
The conclusions regardmg one set of equihbna are accepted tentatively if 
consistent vnth related data Obviously the conclusions drawn are not fi- 
nal, they serve to outhne gross features of the system as a whole and to 
define those problems that will require more penetrating attacks to develop 
detail 

The ongmal data are too volummous to publish, so that it is impractica- 
ble to furmsh all the details necessary for recalculations with assumptions 
other than those indicated by the graphic, mathematical, and othe. objec- 
tive methods of analysis outhned m Paper I (5) This is not such a great 
loss as may appear, for our experience has been that each fresh attack usu- 
ally reveals some new detail of these comphcated systems The severe con- 
densation which has seemed advisable leaves sections of this paper almost 
cryptographic and about as attractive as httle brush heaps m a clearmg 
The colonnades of a forest begin to appear m the summary 

A great deal of space is saved by referrmg to Paper I of this senes (5) 
for the proofs of mathematical relations The propositions given in Paper I 
will be cited by roman numerals 

The techniques and standards used were essentially those described m 
previous papers of this series (5-9) All measurements were at 30° 

The evidence of aggregation to be presented raises the question of how 
it IS that some of the data can be treated as if the molecules were completely 
dispersed Also the evidence of dimerization of certam components pre- 
sents the problem of dealmg mth dimers in various vays Because neither 
of these aspects vas treated adequately in Paper I, brief comment is ap- 
propnate here 

The problem of the acid with 2 or more removable protons had been 
treated in terms of the experimentally determmed lomzation constants when 
Adams (10) reopened the problem He noted that structure may deter- 
mine the first step in the lomzation of HE. 1 R 2 H, so that the ion RrRjH 
rather than the ion HRiRi" predominates, but that a general treatment re- 
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quiics flic iN'^igumeut ol iuo formal loiuzation constantb for each of the 
first ind second steps The tuo constants for each step will be equal if the 
groups to nhich they pexi im ire the same and arc at equivalent positions 
Likewise they will lie tlie sune if the groups are paits of non-mteracting 
molecules in i micella, iiul arc equivalent Subsequent tieatments by 
Simnis (11), bj ■\Veber (12), by von Muralt (13), by PIill (14), and by others 
Ime shown the niathematic il lelations between the formal constants and 
the experiment il const ints for an acid with n removable protons The 
pnnciples should .ippl}' not only to addition and loss of protons but also 
to addition and loss of electrons and addition and loss of cooidinatmg sub- 
stances 

In injf c ise m which the addition or loss of 1 proton, election, oi molecule 
01 coordinating substance ififects the state of affan-s at another group, or 
associated molecule, a subsequent change should be accompanied by a dif- 
ferent free energy change, reflected m a different equilibrium constant But 
if spatial or othei factom interfere with transmission of the fimt effect, the 
subsequent change should not be accompanied by a significant!} different 
free energ}'- ch inge It then will appeal that a molecule with ii identical 
groups, or an aggiegate of n identical molecules, wail behave as would n 
simple molecules, with inspect to a titration curve 

An appioach to this is exhibited by those acidic gioups of a protein which 
are identical, see for example Cannan, Kibrick, and Palmer (15) The ti- 
tration curve of polyacryhc acid 


— CH:— CH- 


r— CH,— CH- 


1— CH:— CH— 


CO OH 


COOK 


COOH 


might be expected to depait significantly from the form of the titration 
curve of a simple acid because the carboxyl groups are sufficiently close 
for the charge of 1 anion to affect the loss of protons from adjacent groups 
A significant departure was found by Kern (16), but the important pomt 
that bears upon the present subject was Kern’s finding that essentially the 
same titration curve was obtained whether the number of carboxyl groups 
was 50 or 340 

If, as in some of the cases to be presented, the titration cuive conforms 
to one or anothei of the simpler forms, it may be assumed that mtei action 
between the umts of a large micella is so xveak as to be negligible 

Some aspects of equilibria involving dimers may be tieated in teims anal- 
ogous to those used by Adams (10) m his discussion of the acid furnishmg 
2 protons 

Let L represent pioton, electron, or coordmating substance added to a 
dimeric metalloporphyrin iJ/il/ -L may be called a ligand What Hill (14) 
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calls the microscopic constants mil be represented by L The equilibrium 
equations expiessed with neglect of activity coefficients are 


IMML] 

[iimilL] . 
ILMM] ~ 


As shovTi by Adams 


[MML][L] 

[LMML] 

[LMM\[L] 

[LMML] 


( 1 ) 


Ai = All "h Ai2 


/G = 


J iA.a 

Aji + A»j 


{[MML] + [LMM])[L\ 
[LMML] 

[M/][L] 

[MML] + [LMM] 


( 2 ) 

(3) 


The foUowmg theoietical cases ivill have to be considered 
Case 1 — ^When there is no interaction between the parts, k^i = kio = A,u = 
Alia Then Ki = 4/^2 and also the titiation curve iviU have the form identi- 
cal with that for the case 


[il/l[A] _ 
[ML] 


(4) 


■\Vhen log [L] is plotted agamst a = [ML]/S (where S = [ML] + [il/])) 
the curve will be called one of the first order 

Case 2 — ^When Ki/Ki == Q iie ^n + Alia = Ai = 0), the mtermediates 
do not form, the equilibrium is desciibed by 


[MM][LY 

[LMML] 


<5) 


and when log [L] is plotted against a = [LMML]/S (where S = 
[LMML] + [MM]), the curve vnll be called a curve of the second order 
The curve will be steeper than in Case 1 See also Propositions XII and 
XIV (5) 

Case 8 — When Ki/Ko > 4, there ivill be interaction between the parts or 
the complex, and the titration curve ivill show signs of stepwise change 
The titration curve iviU be draivn out along the axis log [L] more than in 
Case 1 WTien Ki is very much larger than 7Ca, the steps will be distmct, 
as m the alkahmetric titration of several acids, or the reductive titration 
of one or anothei compound m a region of pH m which the intermediate 
“semiquinone” is stable (see Michaelis and Schubert (17)) Each part of 
this stepped curve wiU approach the form for Case 1 

Case 4 — ^When Ki/Kz < 4 and > 0, the intermediates are of low stability 
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and the titration cuno plotted with log [L] will be lest, steep than a euive 
of the second order but stecpei than one of the first order 
W hereas polentionietnc nicasuicnicnts have to do more directly with the 
hgand, as proton or electron, spcctrophotometrit measurements are con- 
cerned more directly with the different species that acquire, oi lose, protons, 
or electrons, or coordiinting substance 
Let S = p/.V] -f- {[LMM] 4- [MML]) 4- [LMML] If we assume 
no optical difference between L1 /j 1/ and ilML and no absorption by free 
L, the optical density, D, of a solution in a 1 cm cuvette will be 

D = <on/1/l 4- 1/1/1 + [MML]) + t^\LMML\ 

A\Tien only MM is, present. Da = (aS When only LMM and MML are 
present, Z>i = t^S When only LMML is present, Dt = e^S Hence 

DaKM{i + Pi + 

K^K^ + KAL] + [LY 

If there is no intermediate recognizable, 

DaK + D2W 
if + ILl* 

and if we define the degree of tiansformation by a = [LMML]/S, 

“ Di- Da K + [LY 

A plot of a against log [L] wall give a symmetrical cuiveof the second order 
If the curve approaches the form of a curve of the second order but is 
slightly drawTi out, it is presumptive evidence of the formation of an mter- 
mediate to a shght extent It may be impracticable to determme Di But 
the presumption that the intermediate forms to only a small extent pernoits 
one to assign an arbitrary value to Di without serious error Then curve 
fitting can be accomplished with equation (6) 

We shall have to deal with cases m which it appears that the addition 
of a hgand to a dimer is accompamed by a sphttmg of the dimer For ex- 
ample, neglect possible intermediates and assume 

[MMUY , 

[LML? 

Let S = 2[MM\ 4- {LML\ and let a = [LML]/S Then 

, S(1 - a) 

[LY 
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When [L] is kept constant and S is varied (the test of dilution), 

d log )S(1 — a) _ ^ 
d log aS 


(8) 


aiATERIALS USED 

The pyridine used was of “analytical reagent” grade It vas redistilled 
just pnoi to use and the middle fraction was taken 

Cyamde solutions Mere made with c p KCN from freshly opened bottles 
and were standardized vuth standard silver mtrate solutions 

The chloride of feniprotoporphyrm IX (hemm chloride) was prepared by 
two methods The first is described m Paper II of this senes (6) The 
prmcipal features are the use of well w^ashed red blood cells and tvu or 
more reciystaUizations by adding a chloroform solution of the quimne com- 
plex to hot glacial acetic acid The assumption is that such recrystalhza- 
tion nds a preparation of matenal carried down m the first treatment with 
glacial acetic acid The second method is a modification by Drabkm and 
Austm (18) of the procedure of Nencki and Zaleski (19) Well washed red 
cells are used and instead of recrystallization the ongmal crystals are ivashed 
repeatedly 

We shall designate preparations made with the quinme treatment b}" Q 
and those made by the second method by D-A 
We should like to report absorption coefficients that characterize hemm 
chlonde and its complexes It is pertment to give reasqns for not domg so 
During his residence in this laboratory as Guggenheim Fellow Dr David 
Drabkm made extensive spectrophotometric studies of several samples pre- 
pared by the two methods We thank him for permission to comment 
briefly on a few of the results 

Q crystals were more “corroded” and the angles between faces and of 
extmction differed appreciably from those of D-A crystals Solutions of Q 
preparations gave consistently lower absorption coefficients at certam wave- 
lengths when converted to several of the base complexes For example, 
several Q preparations when converted to the dicyamde ferriprotoporphynn 
gave, at 545 m;x, the average absorption coefficient of 10 31, while under 
the same conditions D-A samples gave an average of 11 13, calculated for 
1 mM and 1 cm Comparable differences w ere foimd for the dip 3 Tndme com- 
plexes 

These bnef remarks do not cover all the differences noted by Drabkm 
We need not give further details now because m the several cases m which 
samples of both tjTies were used the same equihbrium constants were ob- 
tained wnthm the hmits set by our experimental error 
The important and still unresolved problem of characterizing fernproto- 

V 
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porph>riu bj ibsorptioii (.oeliicteiitsi of its complexes proved less disturbing 
lu studies of the tj'pe here repoitcd than ha\e slow changes of absorption 
with tune Realizing tint such changes do occur we have taken care to 
allow wh it we judged to bo a re isonable time foi the establishment of equi- 



Fia 1 Change with time of the optical density of an approximately 0 1 msr solu- 
tion of ferriprotoporphyrin in phosphate buffer of about pH 11 3 Ordinate, density 
as observed with a Beckman spectrophotometer Curve A observed immediately 
after preparation of solution, Curve B observed 20 days later and duplicated within 
the experimental error at the 61st day 

librium and to complete the measuiements of a series of solutions within 
a short period thereafter The subject, how^ever, deserves more systematic 
study 

There are suggestions in the hterature that solutions of femprotoporphy- 
rin are unstable In considering the foUoivmg experiment one should re- 
alize that the conditions are not those xvhich Lemberg (20) found favorable 
to the formation of “verdo hemes ” Curve A of Fig 1 show's the absorption 
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curve of an alkaline solution of fernprotoporphyim measured rapidly with 
a Beckman mstiument immediately after preparation Curve B pertains 
to the same solution 20 days later Within the time mterval mtermediate 
pomts vere obseived, but with the exception of absorptions at the higher 
and lower wave-lengths there was practically no change withm the time 
we usually allowed for our equihbrium measurements After 61 da 5 is Curve 
B was duphcated wnthm the experimental error Comparable changes were 
observed with a solution preserved under hydrogen and comparable changes 
were obseiwed with different alkalme buffer solutions In the latter cases 
the contours of the absorption curves differed significantly 

In view of the findmgs legardmg states of aggregation, discussed m the 
next section, it seems not out of place to make the followmg suggestion 
for the adequate testmg of which we do not have the means It is sug- 
gested that, while decomposition is not excluded, the changes may be due 
pnncipally to changes m the distribution of particle sizes Supportmg this 
suggestion are the followmg considerations The roUmg contour of the ab- 
sorption curve IS similar to that of a mixture The change of contour with 
change of buffer has a counterpart m the change of state of aggregation 
wnth buffer The change with time remmds one of the change of diffusion 
coefficient with time If the change with tune were due to decomposition, 
it reasonably might be expected to progress continuously, whereas the same 
absorption curve was observed at the 20th and 61st days 

STATES OF AGGREGATION 

Scattered through the hterature aie citations of evidence that heme m 
aqueous solution is far fiom bemg molecularly dispersed Zeile and Reuter 
(21), in an article on cytochrome c, reported the diffusion coefficient of heme 
m xi/15 Na 2 HP 04 to be 0 0399 sq cm pei day at 0° From this they esti- 
mated a particle w^eight of approxunately 50,000 Haurowutz (22), in an 
article on hemoglobm, leported that heme m 0 1 m NaOH at 15° showed 
a dechnmg rate of diffusion with time He estimated that durmg the first 
0 29 day the average particle weight was 145,000 and over 4,000,000 at the 
end of 4 days of diffusion He also noted a declme of apparent particle 
weight on addition of cyanide 1900 at 0 75 day and 2300 at 5 7 days of 
diffusion Gral6n (23), m his study of the sphttmg of hemoglobm by acids, 
reported sedimentation constants for heme m alkahne solution, S 20 vaiymg 
from 2 2 to 3 6, mdicatmg that the system is polydisperse Accordmg to 
his data the particle weights vary from about 30,000 to 60,000 

We have assembled our data on diffusion m Table I These data were 
obtamed by the method of Northrop and Anson (24) 

The cells with smtered glass membranes were standardized with 2 m so- 
dium chlonde solution, as suggested by Anson and Northrop (25) When 
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ametalloporphyrm us;tl, the outer solution was made identical mththe 
inner solution with respect to the components other than the salt of the 

IHble I 

Diffusion o{ Metalloporphynns 

Xorthrop and Vnson method, all solutions approvimatelj 1 X lO"’ molal, t = 30°, 
donsitj of fernprotoporph^ rin chloride 1 37 (p>cnometcr), aiscosity of buffer solu- 
tions assumed equal to that of water, mol wt of 

[C iff- (CilljCOO) >i'<ro(IItO)(OH)I" = C40 (additional hydration neglected) 


5o]ulioa 

D 

SIol wt , Stokes* law 

Fernprotoporphyrin 

1 

sq cm per day 


0 03 N XaOH 

0 25S 

2,700 

0 02 “ " 

0 246 

3,100 

0 02 “ KOII 

0 243 

3,300 

0 02 “ XaOII -1- 0 OS M XaCl j 

0 137 

18,000 

0 02 “KOH -b0 0S“KCl 

0 134 

19,000 

Borate buffer, pH 9 099* 

0 110 

35,000 

tt n (t g 212 

0 102 

44,000 

Gljcine “ “ 9 000 

0 134 1 

19,000 

Phosphate buffer, pH 9 510 

0 107 

38,000 

“ “ “ 11 321 

0 0784 

98,000 

“ “ •' 11 3SS i 

0 0804 j 

90,000 

“ “ “ 12 052 j 

0 0916 

60,000 

Cianidc fernprotoporphyrin 

0 02 N XaOH -f 0 1 N XaCX | 

0 302 

1,700 

Phosphate buffer 0 1 v Hex’, pH 11 0 j 

0 314 

1,500 

rernmesoporphyrm 

Phosphate buffer, pH 9 091 

0 262 

2,600 

Pjridine ferriprotoporplij rin (viscosity of pyridine-water mixtures at 30° =149 

relative to water) 


Phosphate buffer, pH 10 59 

0 150 

9,300 

“ “ “7 83 

0 1993 

4,000 


* After standing 24 hours in 0 02 n NaOH to determine whether irreversible de- 
polymenzation occurred in the alkaline solution 


metalloporphyrm. and the concentration of these other electrolytes greatly 
predommated (see McBam and Dawson (26) and McBam, Dawson, and 
Barker (27)) The outer fluid was changed until a stable concentration 
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gradient was established To eliminate vibration the ceUs were placed m 
an air thermostat on a massive platform unconnected with the walls of the 
thermostat and its gently rotated fan 

The results given m Table I were calculated from averages of constant 
diffusion rates for two or more cells From the diffusion coefficients, ex- 
pressed m sq cm per day, the molecular weights can be estimated with 
Stokes’ law only on the assumptions that the particles are of uniform size, 
have a spherical shape, and are uncharged Consequently the significance 
to be attached to the estimations shown m Table I is only that the molecules 
of femprotoporphyrm m alkahne solutions are m large aggregates or micel- 
lae The smallest particle size appears to be m 0 02 ii alkah Increase 
of particle size is occasioned by addition of chloride hloticeable differences 
are found m borate, phosphate, and glycme buffer solutions 

The ratio Dza/Do = 2 48 Hence Zeile and Reuter’s figure at 0° would 
be 0 099 at 30°, which agrees fairly well with our 0 107 for the comparable 
phosphate buffer 

The differences among diffusion coefficients for femprotoporphyrm are so 
great as to mdicate that the forces holdmg the units m aggregation are i ery 
weak and are altered merely by small changes of electroljdes If so, it is 
not surprismg that these units may be treated as dispersed when the elec- 
trometric and other data on equilibria are considered 

Previously acquired evidence, as well as that now presented, mdicates 
that a imit withm the micella is a dimer which is split on addition of ChT and 
may or may not be split by pyridme, dependmg on pH Therefore, it is 
of mterest to note the apparently smaller sizes of the aggregates m the 
presence of cymnide and m the presence of pyridme, as mdicated roughly 
by the diffusion coefficients It should be noted, however, that the mmunal 
molecular weight of the ion [C 28 H 22 (C 2 H 4 COO) 2 (]S]’)iFe(CN) 2 ]'' is about 666 
(hydration bemg neglected) 

As a rough check of our results the comparative rates of sedimentation 
m an ultracentrifuge were studied We thank Dr Morris Rosenfeld and 
the Department of Pharmacology for cooperatmg m this study Because 
there w as no optical system for measurmg sedimentation rates or equihbn^ 
the solutions were compared with solutions containmg egg albumm an 
hemoglobm The rotor contamed fourteen cells, each di\uded into two 
parts by a septum of supported filter paper After an appropnate peno 
of rotation the solutions m the compartments were analyzed The com 
pansons are shown m Table II The data are m substantial agreemen 
wnth the diffusion coefficients m the foUowmg respects There is a hig er 
degree of dispersion m the dilute alkah than in the buffer solutions 
an ionic strength of 0 1 and at 2 8 X 10“^ m, femprotoporphyrm i5 Ho 
gregated to particles, the sizes of which are of the order of magnitu e o 
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the size of egg albumin (mol wt 10,000 to 46,000) Doubtless m no case 
IS the state ol aggregation uniform 

Anson and Mirsky (28) found that a collodion membrane which retains 
hemoglobin also retains heme in a “slightly alkaline” solution (composition 
and pH not specified) In some crude experiments with tubes of collodion 
and \ isking cellulose sausage casmg we observed the followmg interesting 
relations 100 ml of a 0 6 m\i solution of fernprotoporphyrm in 0 02 m 
KOH lost only 2 G per cent during 24 hours dialysis agamst 890 ml of 0 02 m 

Tvble II 


bltraccntnjugalton of FcmpToloporphyrin 


Solulion 

Molar concentration X 10* 

Per cent of original in 
upper chamber 

Senes 1 7 hrs at 1000 revolutions per sec 

0 02 X NaOH 

10 

G3 0 

Borate buffer, pll 9 0 

10 

6 8 

“ “ " 10 0 

10 

19 1 

Phosphate buffer, pH 11 0 

10 

18 


Senes 2 o brs at 1000 revolutions per see , lomo strength = 01 


0 02 N KOH-hOOS M KCI,pH12 1 

2 8 

12 4 

0 01 “ “ +0 09 “ “ “ 11 8 

2 8 

15 9 

0 005 “ “ -f0 095 “ “ “ 11 5 

2 8 

15 1 

0 002 “ “ -f0 09S “ “ “ 10 9 

2 8 

13 2 

0 001 “ “ +0 099 “ “ "82 

2 8 

14 1 

Phosphate buffer, pH 11 7 

0 28 

41 9 

** it H 22 7 

2 8 

18 4 

“ “ " 118 

i 2 8 

14 9 

" “ “ 12 3 

2 8 

i 14 4 

“ “ “ 6 95 

0 28 

21 2 

Hemoglobin, pH 7 0 


4 0 

Egg albumin, pH 7 0 


17 7 


KOH, and with four renewals of the outer solution only 9 per cent dialyzed 
in 1 week As mdicated by the diffusion measurements, the average parti- 
cle size is larger in borate buffer In rough agreement with this was our 
observation that a 0 6 mu solution of fernprotoporphyrm m Clark and 
bubs’ borate buffer of pH 9 0 lost only 1 3 per cent to 940 ml of dilute 
borax solution in 1 day and thereafter, with four changes of outer solution, 
only detectable but not precisely measurable amounts were lost durmg a 
week 


Comparable results were obtained with coUodion bags made rather perme- 
able by use of ethylene glycol accordmg to the receipt of Pierce (29) Ob- 
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servations with collodion were carried out only during a day because of 
the slow deterioration of the collodion in the shghtly alkaline solutions 
As shown by Hogness et al and confirmed by us, spectrophotometnc data 
on the effect of adding cyanide to ferriprotoporphyrm can be accounted 
for on the assumption that a dimer is split The diffusion data suggest 
a large mcrease m dispersion In conformity therewith is our observation 
that the cyanide complex of ferriprotoporphyrm passes very rapidly through 
Viskmg cellulose sausage casing and collodion membranes In one experi- 
ment the same sausage casmg that permitted this rapid passage subse- 
quently held ferriprotoporphyrm m 0 02 m KOH mth very httle loss during 
dialj^sis over a period of 2 weeks 



Fig 2 Scheme of postulated relations, showing by numbers the processes, equi - 
libnum states of which were studied See the text. Sections I and II 

Spectrophotometnc data also suggest that ferriprotoporphyrm m aqueous 
solution forms micellae Comment on this will be made later 

A SCHEME TO AID SYSTEMATIC COHHEL XTIONS 

A systematic treatment may be followed with the aid of Figs 2 and 10 
Substances m the upper two horizontal rows are postulated oxidants, those 
m the lower two rows are postulated reductants Substances m the left- 
hand vertical column are postulated for solutions of relatively low pH, th^e 
m the right-hand column are postulated for solutions of relatively high p 
By relatively high and low pH we mean relative to the pK values, whic 
are not the same for all systems 

That the carboxyl groups of the porphyrm are lomzed m solutions ot 
pH range used may be inferred from previous findmgs and was demon- 
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btrated by Porlei (30) for the case of fcrncoproporphynn Accordingly ^\e 
may obbume that the biraplest ion of fernprotopoiphyim IX ib [CVsHas- 
(C;H 4 COO)jNtFc]~ \%hich will be represented by O The corresponding 
ion of ferroprotoporphynn will be repiescnted by R As noted m Paper III , 
(7), water moleculcb might be assumed to complete the coordmation num- 
ber, 0, of iron, when the 4 pyrryl nitrogens (to 2 of which there may be 
assigned & formal charge of 2—) and such other coordmatmg substance 
as may be specified do not suffice to complete that number We have not 
resorted to this artistry, howevei, because we have no definite proof of the 
structural nature of the dimers and aggregates m the bondmg of which the 
coordination shells, or w'ater attached thereto, may play a part Accord- 
ingly, and until there is occasion to consider coordinated water molecules, 
they w ill not be represented m formulas 

I Systems tn Absence of Coordinating Substances Other Than Those 
Furnished by Aqueous Buffer Solutions 

Process 10' {See Fig 3) — Conant ct al (1, 2) and Ban on (4) reported some 
potentiometnc measurements of the equilibrium states of this process but 
found uncertain potentials Such was the expei lence m this laboratory un- 
til we added a mediatoi , when reproducible potentials w'ere obtamed In- 
digo monosulfbnate, oi disulfonate, used m the proportion of about 4 per 
cent of the heme, served as mediator The data were corrected for the 
amoimt of mediator reduced and then were analyzed by use of Propositions 
I, II, and XVI (see Paper I (5)) A typical set of results is shown in Fig 3 
Apparently n == 1, which may be interpreted as showmg msigmficant mter- 
action between the iron atoms m an aggregate of the metaUopoiphyrm mole- 
cules The form of the curve is that of Case 1 (p 146) It would not 
necessarily preclude the postulation of duneric oxidant and dimeric reduc- 
tant provided the postulate did not extend to a bondmg too mtimately 
concerned with the iron It precludes any difference m states of aggrega- 
tion between oxidant and reductant that involves a significant free energy 
change 

Process 6 — ^Withm the range of pH 9 to 12 6, withm the range of wave- 
lengths used, and withm the time of the experiment, no significant deviation 
from Beer’s law was observed No significant dilution effect was observed 
at wave-lengths from 500 to 660 m/i over the concentration range 1 8 X 10“® 
to 3 7, X '10“^ M 

The change of absorption m solutions of lower pH was mvestigated m 
an effort to estimate pK'o Two difficulties were encountered In the 
first place even very dilute solutions are supersaturated at the lower pH 

* The processes referred to by nuniber in this and the following sections are those 
indicated by numbers in Figs 2 and 10 
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values, so that it was necessary to add an alkaline solution of the hemm 
chlonde to the buffers The very dilute solutions thus formed apparently 
iiere stable because the absoiption of each remamed constant for a day 
Secondly, the changes of absorption with change of pH were small, about 
— log Tj = 0 3 to —log T 2 =04 Thus the maximal deviation from 
the upper curve of Fig 4 corresponds to an “eiror” of appioxunately 0 005 
in optical density 

When the optical densities were analyzed to relate degree of lomzation 
to pH, theie appeared signs of asymmetry in the curve, rendering rectifica- 



Fia 3 Potentiometnc test of Process 10 Reductive titration of fernprotopor- 
ph 5 Tin IX at constant pH Curve, theoretical for n = 1 Reducing, agent titanous 
tartrate Mediator indigo monosulfonate Total metalloporphj nn 4 6 X 10~‘ 
pH of borate buffer 10 61 Ionic strength 0 1 Temperature 30° Analysis of data 
by Proposition XVT d = —0 166 ml Average H'o = —0 3257 

tion by Proposition XTV unpractical This suggested that a change m 
state of aggregation accompames the change of pH, and accordingly an 
experiment was made to test the dilution effect It happens that a fair 
curve fittmg is obtamed by assunung the process to be 2O(0H~) + 2a ^ 
O 2 + 2 H 2 O and it IS on this basis that the Ime in the lower part of Fig 4 
is drawn This assumption, however, is inconsistent with much better 
evidence that the metalloporphyrm m alkahne solution is a dimer 
The case appears to be one m which final judgment must be based on 
the results of various approaches A return to the species of the oxidant 
m acid solution by Process 2 will mdicate that the dunenc form should be 
retamed as specified in Fig 2 Outstandmg against this conclusion is the 
dilution effect exhibited by Fig 4 but there does remam the possibihty tlm 
the shght changes m absorption with change of pH, on nbich the calcula- 
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tions ^vc^e b ised, m vy have been complicated by slight changes of the larger 
aggregates ratlier than of the dimei m these supersaturated solutions Also 
no correction for sc ittering lias been made and this is rather large 
Allow mg for all this and the inability to define definitely the species, the 
order of magnitude of pll at which the “alkaline form” of ferriprotopoiphy- 
rm IS half converted to the “acid form” has certainly been detenmned 
roughly, and w’c behe\ e for the first time The estimated value, pH 7 6, 



Fig 4 Conflicting spectrophotometric tests of Process 6 Dotted upper curve, 
theoretical for a simple acid, or a dimer with no interaction between parts a = [acid 
form]/5, S = total metalloporphynn = 9 54 X IfT* n Lower curve, dilution effect, 
curvefor 2(OOH~) + 2H+;=i O 2 + 2 H 2 O See equations (30) to (38), Paper I Slope 
for a/c = 2 See the text for other interpretation 


IS reasonably close to 7 4 estimated indirectly, as wall be showoi later, and 
to 7 4 for ferricoproporphynn estimated by Clark and Perkms (9) 

It should be noted that this half transformation pomt pertains to a pro- 
ton, or protons, added at the “coordination center” as indicated by a vari- 
ety of evidences already set forth m previous papers 
If the relation is 


[O2(0H-)d[H+P 

[O2] 


= K’ 


pK' = 2 X 7 6 = 15 2 


Processes 6 and 7 — Both of these processes are mvolved when a fixed 
mixture of oxidant and reductant is submitted to changes m pH In Fig 5 
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are plotted the potentials at 50 per cent reduction obtained by individual 
titrations in solutions of the indicated pH values In the alkaline region 
AHft/ApH = — 0 0601 volt per unit of pH According to Propositions X 
and XI this indicates that precisely one more hydroxyl group (or 1 less pro- 
ton) is contamed in the oxidant than in the reductant for each electron re- 
quired to conveit oxidant to reductant It would not preclude n hydroxyls, 
or n protons, pei n elections The “0 06 slope” is in agreement with the 



Fig 5 Relation of pH to mid-pomts of reductive titration curves Tests of 
Processes 6 and 7 combined, Processes 5 and 8 combined, and Processes V and VIII 
combined (see Fig 10) i = 30° "Heme” represents half reduced femprotopor- 
phynn IX, total metalloporphyrin 4 6 X 10”‘ m, intersection of dotted projections 
based on assumption that mid-point of Process 6 is at pH 7 4 “Cyamde,” half 
reduced cyamde ferriprotoporphyrin IX, data of Barron, E'o = —0 183 "Pyridine, 
half reduced pyndine ferriprotoporphyrin IX, total metalloporphyrin 1 0 X 10"' m, 
total pyndine 2 5 m, intersection of projections at pH = 9 04 See the comment on 
n in solutions of different pH 

trend of Barron’s data, Mhich were uncertam for the reason previously men- 
tioned . We, hke Davies (7), have not found those specific buffer effects 
reported by Barron Our values for phosphate and borate buffers are veiy 
close to the Imear relation Barron’s value for phosphate at pH 11 0, cal- , 
culated to be —0 355 volt, is m substantial agreement with our value of 

—0 353 volt f 

In solutions of lower pH the potentials drifted, probably because of the 
precipitation of components For this reason it was impracticable to de- 
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termine pK'o by finding the interhection of projections of two parts of an 
entire cur\e (Proposition XI) 

For various icasoiis we have postponed exploration of solutions of ferri- 
protophorphyrin at extremely high pH Our prehminaiy spectrophoto- 
metric data, suggest either that inciease of pH results m an mcreased 
dispersion, such as is indicated in Table I, or that there is a second ioniza- 
tion We are informed by T Harrison Davies^ that his data on magnetic 
susceptibilities mdicate a second ionization of ferriprotoporphyrm with 
pK'j = 12 45 This can be accounted for by the stripping of a proton from 
a coordmated water molecule 

Process 7 — Previous analyses of potentiometnc data mdicate no change 
of a reduced iron porph 3 Tin with change of pH in that legion of pH withm 
which a hydroxyl group (or its equivalent) is associated with the oxidized 
metalloporphyrin This we have confirmed in the case of ferroprotopor- 
phjTm IX by finding identity of the spectra m the region pH 7 to 12 Clark 
and Perkins (9) report the same for ferrocoproporph 5 Tin Also we found 
no dilution effect in the concentration range 1 83 X 10~® to 3 66 X 10~* m 

Inasmuch as Processes 2, 4, 9, and 11 apparently mvolve the sphttmg 
of dnners, we have preserved the dimeric forms of oxidized and reduced 
metalloporphyrm at liigh and low pH, as indicated in Fig 2 


II Systems with Cyanide Ions Present 

Processes 5 and 8 are involved when a fixed nuxture of ferroprotoporphy- 
rm and femprotophorphyrin, both saturated with cyanide, is placed m 
buffers of different pH v^alues The electrode potential does not vary with 
pH, as was showm by Barron (4) and confirmed by Davies (7), Vestlmg 
(8), and Porter (30) for other iron porphyrms This means that cyanide 
at higher concentrations has displaced OH~ or its equivalent from the “co- 
ordination center” of any fernporphyrin Barron gives E'q = —0 183 
volt See Fig 5 

Process 9 — Hogness et al (3) obtamed, by spectrophotometry, data that 
can be described with deductions drawn from the postulate 


O,(0H-), + 4CN- 20(CN-). + 20H- 
or 

O,(0H~), + 4CN- 4- 2H+;:^ 20(CN-), + 2HjO 

We have confirmed their lesults and have extended studies to solutions of 
pH values as low as 6 72 


* Pnvate communication 
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Process 2— The association curve at pH 6 72 conforrtKj tn i u 

equation determined by the process ^ ^ equihbnum 

Oj + 4CN-j=i 20(CN~)j 

r,KcV‘ ^ « 

Kue dObcissa IS log IKCjN used] and not log [CN"] 



= K' 


rtTL tests 01 Processes 9 a 

045 Theoretical curves drawn for 

l(O0H-)J[CN-]« _ _K_ 

[0(CN-).]2 ~ [H+]3 

S “ lO(CN-),J/^„, abscissa, log [Mai KCN] O at pH 

—1 7fi “a tt « -t- o strength 0 1, half transformation at log [KCN] 

log [KCN] = ^1 65°' 0 — 393 X 10~* ii, ionic strength 0 1, half transformation at 


Apparent Ionization Constant of HCN 
For part of the foUowmg development there is needed the apparent loni- 
HCN as found under the conditions of the expemnents 
n 9 constant was detennmed with mixtures of 0 2 m KCN and 

1 f solution bemg diluted to lomc strength 0 1 The glass 

e ec ro e was used The potentials observed with these mixtures and with 
buffer solutions prepared with potassium salts were plotted and the pH of 
each cyamde solution was interpolated between those of the buffer solutions 
as d^ermmed with the hydrogen electrode The titration curve was recti- 
^ Proposition NTVI and yielded the apparent lomzation exponent 9 2 
at 30 This value was used m calculatmg [CIST] for the firet of the foUow- 
mg tests Button and Robinson (31) give pK' = 9 32 at 18“ 
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Processes 2 and 9 arc involved in solutions of intermediate pH 
It IS obvious that the cyanide ion competes well against hydroxyl ion for 
position in the coordination center, even at high pH It is interestmg to 
observe certain consequcncca of the progressive relief from the necessity of 
this competition is the hydroxyl ion concentration is reduced 
The equilibrium equation for Process 9 may be expressed by equation (9) 
according to Hogness U al and \\ ith neglect of stepwise association 


[CN-OCN-1* 


(9) 


Define the concentration of nncombined metalloporphyrm by 

S. = 2[(OOH-),1 + 2[0,1 
Introduce the acid equdibnum equation 

((OOH-),)lH+]« 


Whence 

g.lCNi* _2K/ ls.i + [E*] \ 
(CN-OCNi* Ki\ IH+i' / 


( 10 ) 


( 11 ) 


( 12 ) 


When the value of SJ [CN"OCX~] is a constant, A, we have the followmg 
relations between pH and [CN“1 When [H'‘']'< or pH >> pK'o, 

log + 4 log (CN“1 = 2pH + log 2K 

aIoglCN-1 . 
apH ’ 

When [H+p >> X',, or pH<< pK'a, 

log A 4- 4 log [CN“1 = pl^i + log 2K 

AloglCNi ^ 

ApH 

* 

In Fig 7 are plotted, in the upper curve, data relating log [CN~] and pH 
for the case in which the metalloporphyrm was half transformed to the 
cyanide metalloporphyrm These data were obtained by usmg the half 
transformation points of association curves For high values of pH rela- 
tion (14) IS obeyed, showing that progressively lower concentrations of CN 
are required as pH declines Although the pomts are somewhat scattered 
for the lower pH values, it is clear that at the lower pH values relation (16) 
13 obeyed when the metalloporphyrm contains no hydroxyl against which 
CN~ must compete 


(13) 

(14) 

(15) 

(16) 
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The intersection of the projections of the two sections of the curve iviU 
occur when, by relations (13) and (15), pH = pK'a/2 If the metallopor- 
phynn is considered a univalent acid, the intersection would be at pH = 
pK'o To be general we may call the mtersection a half transformation 
pomt It IS found to be 7 4 With due consideration of the mdirectness 
of this method, which mvolves the assumption of an ionization constant 



Fig 7 O, relation of pH (abscissa) to log [CN~] (ordinate) required to maintain 
equunolecular mixture of fernprotoporphynn and dicyanide fernprotoporph 3 rnn 
Intersection of projections at pH 7 4, the point of half transformation of alkahne form 
to acid form of fernprotoporphynn #, relation of pH to log ((CN“] + [HCN])^ 
log Sc Sc such as to mamtain equimolecular mixture of fernprotoporphynn and its 
cyamde complex Slopes of main parts of curve at high pH, A log Sc/ApH = i, at 
intermediate pH, A log iSc/ApH = — and at low pH, A log <Se/ApH = —1 Intw- 
sections, pH = 74 = point at which metalloporphynn is half transformed from Oi 
to 0.(OH~)2, pH = 91 = point at which HCN is half transformed to CN" (compare 
with 9 2 measured directly) 


for HCN with which [CN“] was calculated, the numencal value of this 
half transformation pomt is m substantial agreement with 7 6 estimated by 
the more direct method, which, it has been noted, was not highly precise 
The above development was predicated tacitly on the assumption that 
CN“ coordinates with the metalloporphynn and that HCN does not This 
must now be tested 

Let Sc = [CNi + [HCN] 

[CN-]1H+] (18) 


K1 


[HCN] 
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Substitute equations (17) and (18) in equation (12) and from the result- 
ing equation find the follow ing for a fixed ratio of uncombined metallopor- 
phyrin to cj'anide metalloporphyrm 

Wliea pH » pixi and pH » plvi„ } (19) 

ApH 

When pH » pKi and pH « pKi. , j (2o) 

ApH 

When pH «pKUndpH = -1 (21) 

ApH 

Beeause values of pK'o and pK'ae are not sufficiently different to maintam 
the intermediate Imear slopes over a large range of pH, it is necessary to 
make some trial calculations to arrive at a theoretical curve which will de- 
scribe the data fairly well Once this is accomphshed there can be calcu- 
lated, as if mdependent, the three Imes which will mtersect at the haK 
transformation pomt of the metalloporphyrm (pK'o, treated as that of a 
sunple acid) and at the pH correspondmg to the ionization exponent of 
HCN These mtersections, illustrated in Fig 7, are as follows half trans- 
formation point of ferriprotoporph 3 Tm as an acid = 7 4, half transformation 
pomt of HCN = 91 

The second mdependent evaluations of ionization exponents, or rather 
of half transformation points, have been reached with only the followmg 
assumptions (a) that by use of spectrophotometric data the metallopor- 
phyrm has been maintained half transformed to the cyamde complex, (b) 
that only CN“, and not HCN, coordmates with the metalloporphyrm The 
check is clear evidence that CN“, and not HCN, is mvolved m the particular 
process considered 

Here we may reemphasize an interestmg relation made apparent by pio- 
jection of previous potentiometric data mto the region of pH 7 0 By ap- 
plying Proposition III to the data for association of CN“ ivith ferro- and 
ferrimetalloporphyrms m mixture, it is shown that CN“ combmes more 
“tightly” with the ferroporphyrin than ivith the ferriporphyrm in alkaline 
solution As pH is lowered, CN" has less competition against OH~ in the 
ferrimetaUoporphyrm The curve relatmg potential to pH for the case 
when both the reduced and oxidized metalloporphyrms are saturated with 
CN- can be projected to cross the curve for the system without cyamde, as 
shown m Fig 5 Thus, at low pH, at which CN“ is reheved from com- 
petmg with OH“, CN" combmes more “tightly” with the oxidized than 
with the reduced metalloporph 3 mn But as already noted, only CN" com- 
bines, so that at pH much lower than the pK'ac of HCN a high concentra- 
tion of total cyanide is necessary 
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Process S— Within the range of wave-length explored (450 to 710 mu) 
no change in the visible spectrum with change of pH (7 4 to 12 6) was found 
This IS m agreement with a deduction to be drawn from the potentiometnc 
data of Barron (4) and Davies (7) for the combmed Processes 5 and 8 At 
high concentration of CN-, sufficient to displace OHT" from the oxidant 



350 600 


Fig 8 Speotrophotometnc test of Process 11 Absorption curves of feixoproto- 
porphynn alone and in the presence of cyanide at different concentrations Abscissa, 
wave-length in m/i, ordinate, —log T for 1 nui total rQetalloporph3rrin, and 1 cm 
Symbol Total cyauide Symbol Total cyanido 

Curve A, O 0 Curve E, O 3 68 X lO"* ii 

“ B, © 9 20 X 10-» ii “ F, © 5 52 X lO"* “ 

“ C, © 1 47 X 10-* “ “ G, © 7 36 X 10"* “ 

“ D, • 2 76 X 10-< “ " H, • 9 20 X 10”^ " 

» I, A 5 52 X 10-’ “ 

02 (OH“) 2 , a fixed ratio of total oxidant to total reductant gives an electrode 
potential invanant with pH, see Fig 5 

Process 11 — ^Anson and IMirsky (32), using a spectroscopic method, found 
evidence of stepwise combmation of cyamde -with ferroprotoporphynn 
They and HiU (33) estunated that 1 cyamde ion is mvolved at each step 
That 2 cyamde ions associate with the reduced metalloporphyrm per 1 iron 
atom was shown by Davies’ (7) potentiometnc measurements, which gave 
q = r = 2 (by Propositions IV and VI) 
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IiUfcmULli as our own studies of this process have failed to yield precise 
1 allies of the equihbiium constants, only a sketch of our results is given 
here In Fig S iie shown the absorption cuives of ferropiotoporphynn 
without and wnth \arious piopoitions of cyanide A distinct shift of the 
peak of absorption is evident Piesumably this mdicates a change of 
species Because a simple treatment of spectiophotometric data is hmited 
to the case of two absorbing species we have proceeded as follows 
At 545 mp, where there is an isosbestic point, and at 600 mp it appears 
that the monocyanide complex and the dicyanide complex have the same 



Fig 9 Crude spectrophotometnc test of Process 11 Relation of log [CN”] to 
degree (ordinate) of conversion of ferroprotoporphynn to monocyanide and dicyamde 
ferroprotoporph 3 rnn Placement of points calculated after arbitrary resolution of 
spectrophotometnc data O, first step to monocyamde by data at 545 m/i,0, first 
step to monocyamde by data at 600 m^i, •, second step to dicyamde by data at 555 mu, 
©, second step to dicyamde by data at 538 m^ Total metalloporphyrin 6 9 X 10“® sr 
t = 30° 

absorption coefficient Accordingly the optical densities at these wave- 
lengths were used to obtain the relation between log [CN“] and the ratio 

| RCN ] + g jg gyjjj qJ concentrations of all 

forms To estimate the absorption curve for the monocyamde complex 
the optical densities on the absorption curve at log [CN“] = —3 735, where 
a = 0 72, w'ere multiphed by 1 0/0 72 Usmg this curve for the pure mono- 
cyanide as standard we could estimate the proportions of the dicyamde at 
various values of log [CN~] The calculated values are plotted m Fig 9 
Obviously the scatter of the points is such as to preclude any defimtive 
calculation of constants or of the precise forms of the curves The curves 
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are somewhat steeper than expected on any sunple basis A similar situa- 
tion will be noted m the discussion of the association of pyrichne with 
ferroprotoporphyrm 

The half transformation pomts apparently are at log [KCN] = —3 8 
(first step) and —3 21 (second step) 

Chech by Combination of Constants — ^Because there is no change m Process 
5 (see Fig 2), the equihbrium constant for Process 9 should equal the prod- 
uct of the equihbrium constants for Processes 6 and 2 when the equations 
are ivritten as follows 

I(O0H-)d[CN-]<[H+]- [(O0H-)d[H+]A . [Oj[CN-]‘ „ „ 

nCN-OCN-p = m 

When [(O0H-)o]/[CN-OCN-] = 1, 4 log [CN'] - log 5 - 2 pH = log 

K, 

From the data m the legend of Fig 6 we have 

4(-l 76) - (-4 24) - 2(12 16) = -27 12 = log K, 

When [(OOH-) 2 ]/[Oj] = 1, 

' -2 pH = log Kt 

-2(7 6) = log Ki = -15 2, or -2(7 4) = log Ks = -14 8 

dependmg on which estimate of the half transformation point is used We 
shall use the average, — 15 0 

When [02]/[CN-0CN-] = 1, 4 log [CN-] - log 5 = log /G 
LogjS = —4 23, see the legend of Fig 6 The half transformation point 
was at log [total cyamde] = — 1 65 If pK'ac for HCN is 9 2, the value 
of log [CN“] at pH 6 75 is about —4 097 Hence 4(— 4 097) — (—4 23) 
= — 12 16 = log/lo Then log Ka = 12 should equal —15 0 — 12 16 

= —27 16 = logJCe + logAo The agieement is better than the agreement 
betw'een the estimates of log Ka It should be noted that no consideration 
has been given to certam matters w^hich should be considered m a precise 
treatment Activity coefficients have been neglected Measurements, 
however, were at comparable lomc strengths Possibly consideration will 
have to be given to the participation of water Apparently the free energy 
of association of the molecules m micellae is of second order magmtude, or 
it has been automatically taken care of m the formulation of a spht of a 
“dimenc umt ” 


III Systems with Pyndine 

Pre\nous studies of the coordination of pyndine wnth one or another 
metalloporphyrm have shown that a very high mole fraction of pyridine 
requu-ed to approach saturation The consequent large change of the 
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“thermodynamic environment” and dielectric constant would make it ap- 
pear difficult to formulate data by any simple rules based on equations for 
ideal solutes On the othei h ind, pyridine binds so iieakly with metallo- 
phorphynns and competes so poorly with OH- for position at the coordma- 
tion shell of a ferrimhtalloporpli} rm that parts of the entire system are in 
marked contrast to comparable systems containing cyanide The resulting 
unique features are so interesting that we were tempted to mvestigate the 
cjcle of changes represented in Fig 10 m order to see whether there would 
appear relations of consistency sufficient to justify the gross formulation of 
the several components Furthermore pyridine offers an advantage over 
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Fig 10 Scheme showing by numbers the processes investigated Compare with 
Fig 2 


certain other coordinatmg substances m that its ionization constant is such 
that practically only the base is present within the range of pH used The 
complexities mcident to deahng with more than one species of the coor- 
dmatmg substance are avoided 

In Fig 10 Processes 3, 6, 7, and 10 have already been discussed They 
are represented in Fig 2 

Process I — ^Reductive titrations at relatively low pH, and m the presence 
of high, constant concentrations of total pyridine, gave symmetncal titra- 
tion curves The data for one case are shown m Table III Rectification 
by means of Proposition XVI indicates that n — 1 At constant pH and 
constant per cent reduction the potentials vaned only shghtly as the con- 
centration of the total metalloporphyrm was varied Hence we may con- 
clude that there is no spht Other evidence mdicates that the molecules 
behave vurtually as monomers Hence we assumed the process OP 2 + e 
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RPj where the numbers of pyridine molecules are assigned on other 
evidence 

Process XII — Reductive titrations at high pH and m the presence of 
high constant concentration of total pyridme and constant pH gave slightly 
asymmetiic titration curves This is indicative of a split of the oxidant 
For example, the data obtamed at pH 11 22, when analyzed graphically, 
appeared to indicate the process OjP^ + 2e ^ SRPj,, or P 2 O 2 ( 0 H “)2 + 2e 

Table III 

Titration of Pyridine F erriprotoporphyrin with Reduced Phthiocol 


Phosphate buffer, pH 7 39, ionic strength, 0 13, total metalloporphynn 1 X 
total pyndine 2 5 m, 30° Analysis of data by Proposition XVI, giving n = 1, d = 
0 371 ml , y at 100 per cent reduction 4 565 ml 


Amount 

used 


Reduction 

0 0601 log 

-E* 

/ 

E 

0 

Deviation from 
av erage 

ml 

0 50 

0 13 

per cent 

3 10 

-0 0898 

0 1837 

(0 0939)* 

-0 0159 

0 75 

0 38 

9 07 

-0 0604 



-0 0038 

1 00 

0 63 

15 04 

-0 0452 


0 1090 

-0 0008 

1 25 

0 88 

21 00 

-0 0346 


0 1098 

0 0000 

1 50 

1 13 

26 97 

-0 0260 

0 1361 

0 1101 

0 0003 

2 00 

1 63 

38 90 

-0 0118 

0 1216 

0 1098 

0 0000 

2 SO 

2 13 

50 84 

0 0009 

0 1086 

0 1095 


2 76 

2 38 

56 80 

0 0071 

0 1022 



3 00 

2 63 

62 77 

0 0136 

0 0958 

0 1094 

-0 0004 

3 25 

2 88 

68 74 

0 0206 

0 0892 

0 1098 

0 0000 

3 50 

3 13 

74 70 

0 0282 

0 0819 


0 0003 

3 75 

3 38 

SO 67 

0 0374 

0 0737 


0 0012 

4 00 

3 63 

86 63 

0 0488 

0 0639 


0 0029 

4 25 

3 88 

92 60 

0 0660 

0 0525 

(0 1185) 

0 0087 


4 194 

100 00 





Average 




0 1098 



* Figures in parentheses omitted from the average 


+ 2H^ + 2P— > 2 RP 2 and when so treated there was obtamed a fair con- 
formity to the theoretical curve shown in Fig 11 In that figure it 13 made 
obvious that the data wU not conform to the curve for addition of 1 electron 
01 that of 2 electrons u ithout a spht If the assumption that the oxidant 
IS spht on reduction is correct, there should be a dilution effect such that 
A B/A log S — —0 03 Fig 11 (nght) shoi\s the slope to be — 0 036 We 
conclude that the oxidant is dimeric and the reductant monomeric Hence 
we specify the species formulated m Fig 10, the number of pyridme mole- 
cules m each bemg assigned on other evidence Inasmuch as the reductant 
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combmcb with pyridine more avidly than does the oxidant, there remains 
the possibility of complications which had best be exammed ivith other 
systems in which it can be assured that both oxidant and reductant are 
saturated with the coordinating substance Barron (4) found titration 
cur\ es for ii = 2 but did not test for the dilution effect Also Davies (7) 
found u = 2 in his titration of nicotine iron mesoporphyrm in aqueous solu- 
tion (ji = 1 in alcoholic water solution) and in his titration of pyridme iron 
hematoporphynn but did not test for the dilution effect The latter effect 
IS morejdecisive than curve fitting 



Fig 11 Potentiometnc test of Process XII Titration of pyndme fernproto- 
porphynn by reduced phthiocol at pH 11 22, 30° Total pyndme 2 5 ii, total fern- 
protoporphynn 1 X 10~* si Curve A, theoretical for oxidant + e ^ reductant. 
Curve B, theoretical for (o\idant )2 -f- 2e 2 reductant, Curve C, theoretical for ox- 
idant 2e reductant Inset, test of postulate (B) by dilution effect 

Transition from Process I to Process XII — If the Processes I and XII 
are as specified, there should be a gradual increase m the steepness of the 
reductive titiation curves in the region of pH where the upper curve of 
Pig 5 mflects These effects were found in Bairon’s data and our own 
Were the system one that lends itself well to very precise measurements, a 
detailed account of the progressive shift would have been attempted m 
spite of the complications arising from the participation of several species 
Under the circumstances this was not attempted 

Processes V and VIII Combined — ^The potentials of the mid-points of 
reductive titration curves obtained with high, constant concentrations of 
pyndme and at different pH values are plotted in Fig 5 At the higher 
pH values AE/ApH. ~ —0 06, indicatmg clearly that for each electron con- 
cerned m reduction an oxidant has one more hydroxyl, or 1 less proton, per 
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iron atom The fact that the potentials are much more positive than corre- 
spondmg potentials m the absence of pyridine indicates that pyridme com- 
bmes better with ferroprotoporphyrm than with fernprotoporphyrm (see 
Proposition III (5)) At lower pH the slope is zero, mdicatmg that there 
IS then no change with respect to proton or hydroxyl The point of mflec- 
tion IS at pH 9 13 This is pi ima facie evidence of an acid lomzation ex- 
ponent of an oxidant (see Propositions X and XI) The value differs 
widely from the estimated value 7 4 to 7 6 for fernprotoporphyrm itself 


-I -2 -3 



Fig 12 Spectrophotometnc test of Process II Right-hand, total ferriproto- 
porphynn 9 18 X 10~^ m Sh = total pyndine pH = 6 37, i = 30°, 560 him Theo- 
retical curve for [Oj] [PJVlOPjl^ = 19 X Ih"’ Half transformation at log (St = 
—0 32 Left-hand, dilution expenment Fernprotoporphyrm 7 39 X 10^ to 2 77 X 
10“* M pH 6 7 Pyndine 0 5 M a = [OPj]/5, S = [OP 2 I + 2[Oj] Line 

, A log (1 — a) <S „ 

for — ; r = 2 

A log aS 

Presumably it pertams to the retained OH“, the value of pK' shiftmg to 
higher values with mcrease of pyridme and reaching a limiting value when 
pyridme saturates the metalloporphyrm 

The marked contrast, shown m Fig 5, between the cyanide and the 
pyridme iron protoporphyrm mdicates clearly that pyridme competes 
poorly with hydroxyl for position at the “coordination center ” 

Process II — A spectiophotometnc study of the addition of pyridme to 
fernprotoporphyrm at pH 6 37 gave an association curve which was un- 
satisfactory for purposes of precise, objective analysis On the other hand 
the slope of the curve, shown in Fig 12, is steeper than the curve for the 
addition of two pyridmes without a split and it shows such asymmetry as 
to suggest the splitting of a dimer on addition of pyndine Accordingly 
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the cntical dilutiou test was used The results are shown m Fig 13 The 
slope of the line gives c/a = 2 for the process aO„, + bP cO„P, (see 
comment on Proposition XII) We have concluded that a gross represen- 
tation of Process II, with neglect of stepw'ise addition, is 

Oj + 4F^20Pi 

with half transformation at log [total pyridine] = —0 32 
Process VIII — The potentiometric data suggest almost conclusively that 
there is no essential change of pyridme ferroprotoporphyrm wath change of 
pH m the region examined This is confirmed by the fact that no change 
of absorption spectrum was observed m the visible region, see also Fig 6 of 
Clark and Perkins’ (9) data on pyridine ferrocoproporphyrm 
Process XI — On addition of pyridme to feiroprotoporphyrin a spectral 
change occurred and near 560 m/u there was found a distinct peak The 
association curve calculated inth the data gave a distmct plateau, as if there 
were 100 per cent conversion On further addition of pyridme the peak 
near 560 mju progressivel}' shifted to low^er w'ave-lengths This suggests 
two distmct steps, as m the case of the addition of CN~, but without that 
overlap of steps mdicated for the cyanide case Attempts to estimate the 
association curve for both steps w^ere vitiated by drifts of optical density on 
the rise of the association curve The half transformation pomt for the 
first step was estimated to be at log [pyridme] = —25 and of the second 
step —0 35 

In a rather bold analysis of similar data for the case of ferrocopropoi- 
phyrm Clark and Perkins (9) reached the conclusion that 2 molecules of 
pyridme coordinate wuth this metalloporphynn They mdicated, however, 
some disconcerting facts and were unable to repeat the experiment because 
of exhaustion of available coproporphyrm Oui judgment of the signifi- 
cance of the present data is that 2 pyridme molecules coordinate per non 
atom, accompanied bj’’ a split of the dimeric metalloporphynn The addi- 
, tion may well be stepw'ise In any event the formulation m Fig 10, which 
IS suggested by the data, but not proved thereby, is consistent with other 
evidence of the natures of the reduced metalloporphynn and its complex 
ivith pyridme 

Process IX — The nature of the compound formed ivhen pyridme is added 
to a ferriporphyrm ivill be made the subject of subsequent comment Cer- 
tam anomalies will be noted, so that it behooves us to treat the experimental 
data with special care foi the hnutations of the method and a special effort 
to make the analysis of the data as objective as possible 
The optical densities observed at successive values of log [pyridme] are 
shoivn by the centers of solid dots m Fig 13 It is obvious that the optical 
density, I> 2 , at complete satuiationof the metalloporphyrm ivith pyndme 
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IS slightly uncertain but that it can be estimated fairly well by evtrapolation 
of a curve of almost any one of the classical forms Do, the optical density 
of the metaUoporphyrm solution, is as defimte as the optical instiument 
(see (9)) permits By the application of Proposition XII we conclude that 
the best workmg hypothesis is that 2 molecules of pyridme add to what we 
previously have concluded is a duneric unit of the metaUoporphyrm How- 



Fig 13 Specfcrophotometnc test of Process IX Total metaUoporphyrm 
92 X 10~^ SI Ordinate, observed density, abscissa, log [pyridine] O, data ob- 
served on addition of pyndine at pH 11 2, mii = 575 #, data observed on addition 

of pyndine at pH 12 63, npi = 575 Analysis of data by use of two experimental 
points and equation (6) with the assumption of Di (see the text) Full Imes, calcu 
lated for stepwise addition of 2 pyndine molecules per umt of metalloporphynn and 
withXj > Ki (Case 4, p 146), dotted line, theoretical for addition of 2pyridine3 as 
by Case 1 

ever, the expenmental curve is shghtly more spread out than the curve for 
Case 2 (p 146) By applymg equation (6) to two pomts on the e\pen- 
mental curve on the left of Fig 13 we calculate Do = 0 370, D. = 0 583 
and assuming Di = 0 477, we find iCx = 0 135, Xo = 0 64 With th^ 
constants the full curve, which runs m fair conformity with the experimental 
data (sohd dots), was plotted (1 cm ceUs were used) 
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It maj. be estim itctl that, if the constantb are vahd, the maximal con- 
centration of the monopyiidiue complex is only 15 per cent of the total 
It is to aigue in an msigmfic rnt cncle to say that this justified the arbitraiy 
assignment of a leasonable extinction coefficient, ei = Di/S, for doublmg 
the \ alue of ei alters the estmiated maximal concentration of the monopjm- 
dine complex by only about 1 per cent 
A comparable treatment of the data for the association of pjoadme mth 
femprotoporphyrin at pH 11 22 gave the curve runnmg close to the circles 
(experimental) of Fig 13 

It mil be noted that a very high molar concentration of pyndme is re- 
quired to approach saturation of the metalloporphyim It would require 
a \ ery extensive mvestigation to evaluate all the corrections necessary for 
an apphcation of a strict equilibrium equation Inasmuch as these correc- 
tions are unknowai, ne have no confidence that the numerical values of the 
calculated constants are meanmgful They have, however, served to define 
the mid-pomts of the transformation Also it i9>clear that 2 pyndme mole- 
cules add without a spht of the dimer 
It should be noted that, if pK' = 9 1 to 9 2 is the half transformation 
pomt m the conversion of the acid form of the dipyndme complex to the 
alkaline form, pH 112 should be sufficiently high to convert about 99 per 
cent of the acid form to the alkaline form and then, if no further change were 
to take place, the mid-points of the curves of Fig 13 should agree exactly 
They do not Unpublished data of other comparable systems suggest that 
the ueak coordination of pjuidme mth a metalloporphyrm is somewhat 
sensitive to the state of aggregation of the metalloporphyrm This, as 
influenced by specific salts, may account m part for such discrepancies as 
are evident m the displacement of one curve from the other m Fig 13, but 
see the comment on p 159 regarding a second lomzation constant Per- 
haps the curve at pH 12 6 is displaced from the other because of the involve- 
ment of a 2nd ion of femprotoporphyrin to a significant extent 
Process V — Repeated attempts to define precisely the nature of this trans- 
ition by means of spectrophotometric data have given association curves 
approaching the form for pH = pKa -f- log (1 — «)/«, where a is the ratio 
of the concentration of unionized form to that of total metalloporphyrm 
Fig 14 illustrates a case m which this simple relation describes the data 
fairly well, as it has similar data for other metalloporphyrms (see (7)) 

On the other hand, consistency with the relations already decided tenta- 
tively requires consideration of the process 

PiOi(OH-)i +2P + 2H+?^ 2PjO + 2HiO 

which mvolves a spht that can be tested by a dilution effect Let S = 
2[P202(OH-)2] -1- [PoO] and let a = IP20]/<S Then for [P2O2(0H-)2]/ 
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[PaO]^' = K/\S^^[P]- ~ K' (at constant pyridine concentration and con- 
stant pH) we have 


or 


log iSCl - «) -2 log aS = C 


d log aS 
d logS(l — a) 


The lower curve of Pig 14 shows that this prediction is fairly well con- 
firmed 



Fig 14 Speotrophotometnc tests of Process V Bight-hand curve, a = laoid 
form,]//Si Curve theoretical for pH = pK* -f log (1 — a)/tx Total metalloporphynn 
1 54 X 10“^ ai (log S — — 3 82) , total pyndme 2 5 m (log [P ] = 0 40) , half transtorma 
tion at pH 9 23 Left-hand curve, test of dilution effect 

iPsO,(OH-h][pm^p 

[pOp)» ^ 


At constant pH and constant [P], 

A log aS _ ^ 

A log <8(1 — a) * 

We have here an interesting example of the limitations of particular ex- 
perimental methods The electrometric data summarized m Fig 5 shoM 
clearly that there is a change of 1 proton per iron atom ^ Therefore, if we 
ate to accept the evidence that the pyndme complex is dunenc and the 
pyridine does not replace OH", we should specify two OH" groups m the 
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dimer As noted, the spectral data appear to confoim fairly well in this 
and other cases ith a curve of the first order for addition of proton Such 
conformity docs not reveal a splitting of the dimer when protons and pyri- 
dme add in the less alkaline solutions The split is revealed only by the 
dilution experiment and this does not show decisively the number of pro- 
tons imolved Tests at concentrations of pyridine less than those neces- 
sary to approach saturation are rendered very uncertain of mterpretation 
because of the in\ olvement of several species 

It should be noted, however, that the analysis of the spectrophotometric 
data on the assumption of but tw'o absorbing species is precarious Indeed 
elaborate senes of absorption curves of femcoproporphyrm m solutions of 
various pH, and concentrations of pyridine short of a close approach to 
saturation, showed that no consistent pH curves could be obtamed with 
data at different wave-lengths This, irrespective of our prediction that 
there should be several absorbmg species, is mdicative of more than two 
species 

Attempts to Check by Products of Constants — ^The equihbrium constant for 
Process IX should equal the product of the constants for Processes 6, II, 
and V (see Fig 10) if the equihbna relations are written as follows 

[(O0H-)d[Pl» _ [(OOH-h][H+p [Od[P]« [PaO]» 

[FjOAOH-),] [Od ^ [F:0]» ^ [FaO.(OH-)j][F]>[H+]» 

(IX) (6) (II) (V) 

We find it impracticable to make this check for the followmg reasons To 
obtam saturation of the metalloporphyrm ivith pyndme so that m the study 
of Process V there wall remam insignificant proportions of othei species it 
IS necessary to have [P] very large The numerical value of [P] used m the 
studies then is not critical as it should be to arrive at a value for the eqm- 
hbnum constant of Process V As already mentioned, an attempt to obtam 
consistent values for this constant m the case of femcoproporphyrm (un- 
published data) failed because there are present too many species, and cal- 
culations at different wave-lengths did not agree Furthermore there are 
unexplamed small differences m the evaluations of the constant for Proc- 
ess IX 


IV Systems Containing Both Pyndine and Cyanide 

Anson and Mirsky (32) desenbed compounds m which both globm and 
cyamde were combmed ivith ferroprotoporphyrm, and Hdl (33) described 
compounds m which both mcotme and cyanide were combmed with ferro- 
protoporphyrm Hdl also showed that the latter are formed at such con- 
centrations of mcotme and cyanide that insignificant amounts of a complex 
are formed by nicotine, or cyanide, alone Drabkm (34) has reported a sum- 
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lar phenomenon "which occurs when femprotoporphyrm is subjected to the 
action of a mixture of cyamde and pyndme We have observed that the 
P3Tidme-cyanide femprotoporphyrm complex is formed when the concentra- 
tion of either coordmatmg substance is so low that, if either were present 
alone, no appreciable dicyanide or dipyridme ferriprotoporphyrin would be 
formed Also, the higher the concentration of the one, the lower is the con- 
centiation of the other that is necessary to form the mixed compound, this 
IS "withm limits, of course 

It IS obvious that the case is not one of simple competition m the formation 
of those complexes that result from the addition of either CN“ or pyndme 
alone Were this the case, the mixture of the p3Tndme metaUoporphynn 
and of the cyamde metalloporphyrm should be roughly predictable from the 
experimentally detemuned constants already deter min ed Such a predic- 



Fig 15 Comparison of association curves for the formation of dipyridme fem- 
protoporph 3 Tin and dicyamde femprotoporphyrm at pH 12 6 and of the pyndme 
cyamde femprotoporphyrm at pH 13 and 11 5 

tion would be m violent conflict with the fact that in the presence of pyndme 
which, if alone, coordmates very weakly mth femprotoporphyrm, cyamde 
IS bound more firmly than m the absence of pyndme and m the presence of 
CN“ pyndme is bound more firmly than m the absence of cyamde This 
IS revealed m perspective by Fig 15 The only assumption that seems rea- 
sonable IS that an entirely new species is formed The data can be formu- 
lated well with the assumption that this new species is POCN~ 

A prehmmary study of the system was made by keeping the pyndme con- 
centration at 2 5 M (vhich, if present alone, is sufficient to approach complete 
conversion of femprotoporphyrm to the dipyridme complex) and addmg 
KCN In Fig 16 the sigmoid curve has the theoretical form for the equi- 
libria of the folloivmg process at constant pH 

P.O,(OH-)! + 2CN- -f 2H+ ;=i 2POCN- 

The upper left-hand curve summarizes a dilution experiment at constant pH 
Except for three points at the lower concentrations the trend is clear 





Fig 16 Formation of monooyanide monopyndine fernprotoporphynn from 
dipyndine fernprotoporphynn Lower sigmoid curves, lines theoretical for 
PiO5{0H-)x + 2CN- + a:H+?^2POCjSi“,totalfemprotoporphyrin9 4X 10 ~“m= S, 
total pyndine 2 5 si #, data at pH 11 53, O, data at pH 13 03 Cyanide concentra- 
tion corrected for bound cyamde Upper left-hand curve, teat of dilution effect 
(see the text), pH 13 03, (P] = 2 5 m Upper nght-hand curve, test of pH effect, 
pyridine 25si,S = 94X 10“* m, total cyamde 9 97 X lO”-* si 

straight line is theoretical for the dilution effect at constant pH There 
should be also a pH effect such that 



ApH 


■where a is [POCN-]/*S This effect is shown by the upper right-hand 
curve The straight Ime is theoretical for the above relation 
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The absorptloa spectrum of the compound postulated to be P0CN~ ^as 
foimd to be mvariant from pH 7 64 to 13 0 

As pH decreases, there should be expected a transition to equilibrium for 
the process 


POP + CX- POCN- + P 

The difficulty of makmg a direct test of the equihbrium is that the cyamde 
IS bound so strongly as to make uncertam the distmction between total cya- 
mde and free CN This exceptionally strong bmdmg of CH" m the pyridine 
complex, m contrast to the strong but rdatwdy weak bmdmg m the dicyanide 



Fig 17 Relation of log [CN~] and log (tCN"] -f [HCN]) to pH in the conversion 
of dipyndine femprotoporphynn tomonopyndine-monocyamde fernprotoporphynn 
Abscissa, pH ."ordinate, log [CN“] and log ([CN“] + [HCN]) O, data for log 
[CN-], •, data for log ([CN-J -1- [HCN]), O, [CN-] approximates [CN-] + [HCN] 
iS = 9 39 X 10~“ M, [pyridine] = 2 5 it 

complex, IS mdicated by Drabkm’s (34) observation that at high hemin con- 
centration and over a limited range of pH the spectral change is complete 
■when 1 cyamde ion per iron atom has been added We also had found this 
and studied the reaction over a -wide range of pH Low concentrations of 
metaUoporphyrm were used to obtam conditions favormg partial bmdmg of 
cyamde From partial association curves there were estimated the concen- 
trations of CN~ required for half transformation to the species POCN" In 
Fig 17 the loganthms of the free cyamde ion concentrations required for 
such half transformation are plotted agamst pH 

Presumably a, as determmed spectrophotometrically, is 

[pOcn-] 

“ “ 2[P.O.(OH-),[ + [POP] -b [POCN-] 
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The interfecction found is at pH 9 2, which, with due consideration of the 
difficulties imolved, is in fairly satisfactory agreement with the value 9 34 
estunatcd by Fig 14 or 9 13 of Fig 5 
The cases reported by Drabkin (34) are special ones at pH values at which 
competition by hj dro\yl ions plays an msigmficant r61e Thus we estimate 
that at pH S 9 only about G per cent of added CN" remams uncombmed, 
but as the pH is increased or decreased the uncombmed fraction of CN“ 
increases 

^luch more exhaustive studies should be made with a neutral coordmatmg 
substance that does not rcquiie the high concentrations required of pyndme 
to approach complete conversion to the base complex 
We tentatively conclude that CN" and not HCN combmes to form the 
pjTidme-cyanide fernporphyrin, that there is not the ordmary competition 
betM een pyndme, cyanide, and OH~ for position m the coordmation shell to 
form the dip 3 Tidme and dicyanide complexes, but that CN“ replaces OH~ 
and 1 pyndme is left m the monomer P0CN“ 

Check by Combtnalion of Conslants — ^For the cycle 


PjOjfOH-): 

1 X 


3 


pOcn- 


pOp 



we shall find it convement to formulate the equihbria as follows 

[pOCN-]» 

[F,O,(0H-)d[H+]=[CN-]! 

[PQPllCN-] 

[pOcn-][p] 

[PQP]^ 

- [PjOaCOH-WIH+l^lP]’ 

For Process 1 at log S = —4 03 and pH 13 03, [POCN“]/[P202(OH~)2] = 
1 when log [CN“] = —2 26 Hence log Ki = —4 03 — 2(— 2 26) + 
2(13 03) = 26 55 

For Process 2 at log [P] = 0 40, [P0P]/[P0CN“] = 1 when [CN~] = 
-5 92 Hence log Ki = -5 92 - 0 40 = -6 34 
For Process 3 at log/S = — 3 82andlog[P] = 0 40, [POP]/[P202(OH~)2] = 
1 when pH = 9 23 Hence log Ka = —3 82 — 2(0 40) + 2(9 23) = 13 84 
Ki/Kz = (l/KiY or log Ki - log K 3 = -2 log Ks, that is, 26 55 - 13 84 
should equal — 2(— 6 34) The first value is 12 71 and the second 12 68y 
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a check which is well within the experimental errors and better than could be 
expected 


A CORRELATION WITH SPECTRXL DXTA 

Havmg been led by analyses of association curves and other data to ascribe 
monomelic units to certam of the compounds and dimeric umts to others, 
we find mterestmg the correspondence between these deductions and the 
groupmg of spectrophotometric absorption curves, as exhibited m Fig 18 
The data shoivn m Fig 18 were determmed at 30° ivith the spectropho- 
tometei described by Clark and Perkins (9) The concentrations of the 
metalloporphyrm and its complexes were m the lange 0 04988 to 0 05029 nni, 
except for the dipyridme ferroprotoporph 3 T:m which was 0 02012 mai From 
the concentration and length of cuvettes (certified by the Amencan Instru- 
ment Company to be 10 017 mm ) the absorption coefficients for 1 roM con- 
centration (neglectmg any dilution effect) and 1 cm were calculated and 
plotted m Fig 18 The spectral mterval isolated was of the order of 4 m/i at 
546 1 m/i (Hg Ime) , so that the sharper peaks are not maximal 

Obviously the curves fall mto two groups, one of which pertains to those 
substances w'hich presumably have dimeric units (at the left), the other group 
pertauung to those which presumably have monomeric units (at the nght) 
Of particular mterest are the pyridme fernprotoporphyrm complexes m alka- 
hne and approximately neutral solutions The complex m neutral solution 
has been assigned a monomeric umt and has a sharper and higher peak than 
the complex m alkahne solution, which presumably has a dimeric umt 
To avoid confusion the curve for the monocyamde-monopyridme ferri- 
protoporphyrm has not been mcluded m Fig 18 This compound has been 
assigned a monomenc umt and m conformity wuth the relation discussed the 
optical density at maximum is nearly twuce that of the dipyridme ferriproto- 
porph 3 Tm and is of the order of that of the monomeric dicyamde ferriproto- 
porphyiTn (compare the curves m Figs 1 and 2 of Drabkin’s paper (34)) 

COJniENTS ON SOME PROBLEJIS OP STRUCTURE 

We have no duect evidence of the structure of any of the species H e 
have been led to postulate compositions by followung objective methods of 
analyzmg data The conclusions pose certain problems of bonding to which 
attention is drawm 

The evidence as a whole mdicates that several of the species exist m solu- 
tion as micellae wuthm which there are dimeiic units We need not repeat 
here the cases in which one type of experiment reveals dimerization or the 
sphttmg of a duner and another type of experiment does not We think it 
of general mterest, howuver, to note that we have in these cases a revelation 
of the hmitations of experunental methods with respect to the detail that 
they can disclose 
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Fig 18 Spectrophotometnc curves of the compounds which presumably are 
dimenc (left) and of those which presumably are monomeric (right) Ordinate, 
optical density calculated for 1 nui solution of metalloporphyrin in a 1 cm cuvette, 
see the text for the conditions of measurement Left-hand diagram (of “dimers”) 

•, fernprotoporphynn in 0 02 m KOH, fernprotoporphynn in phosphate buffer 

of pH 6 42, O, ferroprotoporphynu in 0 02 &i KOH, O, fernprotoporphynn in 0 02 si 
KOH -h 4 97 SI pyndine Right-hand diagram (of “monomers”) #, solid line, fern- 
protoporphynn in 0 02 SI KOH -f 0 2 si KCN, •, dash line, ferroprotoporphynu in 
0 02 St KOH -t- 02 M KCK, O, solid line, fernprotoporphynn in phosphate buffer, 
pH 7 7, -f 4 97 SI pyndine, O , dash line, ferroprotoporphyrin in 0 2 si KOH -f 4 9751 
pyndine or phosphate buffer, pH 7 7, -f- 4 97 si pyndine 

Starting with the simplest concept, we may consider the iron of fernproto- 
porphyrin m moderately alkalme solution to have its six coordmating bonds 
engaged by the 4 pyrryl mtrogens, a nater molecule, and a hydroxyl ion 
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Provision must now be made for the bondmg of 2 such molecules m a dunenc 
umt 

The data mdicate that on addition of hgand the 2 iron atoms act inde- 
pendently of one another , so that is is improbable that the bond is directly 
between the irons 

Games, Hammett, and Walden (35) obtamed evidence in the case of the 
o-phenanthrohne complex of feme iron for bonds represented as follows 


O 


H 

O 


/ \ 

(o-Ph)iFe Fe(o-Ph)i + 2H+ 

\ / 


/ \ 

(o-Ph)jFe Fe(o-Ph), 
\ / 


O 


0 

H 


This system behaved as an acid system, with stepwise addition or loss of 
protons Now there are some signs that femprotoporphynn loses a 2nd 
proton m a region of pH'much higher than that of the solutions we have 
exammed If so, an analogy might be drawn But difficulties are encoim- 
tered immediately We would be led by this postulate to assume that addi- 
tion of cyamde would require (m moderately alkahne solution) replacement 

H 

of the — 0 — bond and the — 0 — bond Presumably the difference m bond 
energies would be reflected m stepwise addition of CN“ No evidence of 
dtsUnct steps appears m our data It might be obscured by the over-all 
complexity of the change 

Weisiger (36) suggests one bond of the type mdicated by H 2 OO oOHjO 
This would account mcely for the addition of 2 pyxidme molecules by re- 
placement of the 2 watei molecules and preservation of a dimer It would 
obviate the necessity of postulatmg seven coordination bonds as suggested 
by Clark and Perkms (9) This suggestion has been quoted by others (37, 
38) without due emphasis upon the foUowmg fact Clark and Perkins were 
formulatmg their own experimental data as objectively as was feasible and 
m the simplest terms that seemed consistent ivith the data Thereby they 
were led to an apparent anomaly that required resolution The suggestion 
of seven coordination bonds was a tentative resolution attotted to be m 
conflict with accepted views Weisiger’s suggestion leavesT) as the potential 
bmder of 2 protons and, masmuch as these would add m close juxtaposition, 
it may be assumed that the steps would be widely separated unless the addi- 
tion of 1 proton automatically creates a umque situation Accordmg to 
Davies’ findin g (see p 159) there are, to be sure, widely separated steps of 
proton exchange but our data call for the addition of 1 proton per iron atom 
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iL'iihiii ihe range of pH inlcrincdwte between the two ionization exponents and 
^vltllln tliib range there is no evidence of stepwise addition of protons 

Our data have led us to the conclusion that p^nadine ferriprotoporphyrin 
contains 1 pyridine molecule and 1 hydroxyl ion per iron atom, but in a 
diinei If the coordination number 6 foi iron is to be preserved m the for- 
mulation of the structure of this dimer, the bonding (othei than by relatively 
veak van der Waals fortes) presumably involves OH“ gioups or their equiv- 
alent Only when the latter are ehmmated, presumably by conversion to 
HjO, can more than 1 pyridine per non atom add Then it does so with 
the sphtting of the dimer Hence the bonds are not between pyridme mole- 
cules 

If OH~, or its equivalent, exerts a bonding effect in dimers present m 
alkaline solutions, to what may the bondmg be attributed m dimers present 
m the neutral solutions? Piesumably the bonds are between water mole- 
cules 'When these are replaced by CN“, oi by pyridine, the dim er is split 

Superficially the case of the pyridme-cyanide complex may be approached 
first on the basis of the formal electric charges at the cooi dination center The 
formal charge w'lth Fe"^ and 2N“ alone is 1 -f This is not changed by 
addition of 2 neutral pjTichne molecules The formal charge is changed to 
1— on addition of 2CN“ "WTien 1 pyridme and 1CN“ are added, the formal 
charge is zero and quite different from the other cases Accordmg to Drab- 
km (34) reduction of the pyridme-cyanide fernprotopoiphyrm results m a 
spectrum nearly the same as that of the dipyridme ferroprotoporphynn 
This would be expected, because the umque situation obtammg m the case 
of the monocyanide-monopyridme fernporphyrm no longer holds for the com- 
plex ivith ferroporphyi in and because the cyamde concentration which Drab- 
km used was too low to compete with the large concentration of pyridme for 
position m the ferrous compound 

The planar configuration and general symmetry of metaUoporphyrins are 
not unlike comparable features of phthalocyamnes Sulfomc acid deriva- 
tives of the latter are mcluded m Sheppaid and Geddes’ (39) treatment of 
the optical evidence of aggregation and dimenzation of dyes m aqueous solu- 
tion In addition to the foices of labile electrons of such resonatmg mole- 
cules, which forces could hold the molecules m aggregates, a water molecule 
IS suggested as possibly accountmg for the dimerization of dyes m aqueous 
solutions 

"We may imagine the molecules of a metalloporphyrm to be stacked like 
pancakes in variable, large aggregates with mtervenmg water molecules, or 
oxide bridges A formulation of equihbrium based on this conception would 
have to be a statistical treatment of random attack by protons and coordmat- 
ing substances A statistical treatment would have to account for phenom- 
ena which we have interpreted as dimerization and the sphttmg of duners 
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At the moment the possibilities appear too numerous to select with a view 
to brmging a statistical formulation within the reach of expeiimental test by 
the limited methods used in the work here reported 

Some of these comments are gratuitous and would be oimtted were it not 
that they serve to focus attention upon anomalies that emerge from the tenta- 
tive conclusions to which objective analyses of the data have led They 
also focus attention upon limitations of particular experimental methods, a 
matter of general mterest 

We thank Miss Mane Perkins for assistance m the preparation and careful 
standardization of solutions 


SUMMABY 

There are presented evidences that the molecules of ferriprotoporphynn 
(heme) in aqueous solution aie in large, variable micellae 

By means of potentiometric titrations and spectrophotometry there were 
studied equilibria m exchange of protons, electrons, and coordinating sub- 
stances, particularly cyanide ions and p3nidme Cycles of changes were in- 
vestigated m order to reach consistent conclusions 

It appears that energetic mteraction between parts of the micellae is so 
weak that some data do not reflect it and certam relations may be formulated 
as if the molecules were dispersed Other data require the assumption of 
dimeric units, such dimeis bemg spht m the cases cited below 

Direct and mdirect evidence mdicates that the carboxyl groups of the por- 
phynn are completely lomzed m the pH range considered The following 
references to OH~ and addition of protons thereto concern the coordination 
shell of iron 

Analyses of data have led to the foUowmg specific conclusions regarding 
the compositions of species m terms of which the equihbna have been for- 
mulated for specification of the equihbrium constants numencally estab- 
lished 

In moderately alkahne solution fernprotoporphyrm has a dimeric umt con- 
taming 1 hydroxjl ion per iron atom Presumably because of httle mter- 
action between the 2 iron atoms the compound behaves on titration as if )t 
w'eie a univalent base, pKa bemg between 7 4 and 7 6 The dimenc umt 
IS retained m neutral solution 

Although the dimenc umt appears to be retained m ferroprotoporpbyrm, 
reduction to this species is as if 1 electron per unit were reqmred, again pre- 
sumably because of httle mteraction The reductant contains no hydroxy 
ion, as IS made emdent by the fact that the electrode potential of a fi-x^ 
mixture of oxidant and reductant vanes with pH accordmg to AB^/hpH - 
—0 0601 at 30® (confirmed spectrophotometncally by mvanance of spectrum 

ivith change of pH) 
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H.CN does not combine with eithei the oxidized or reduced iron porphyrin 
C 3 anide ion combine^ with either In combining with the oxidant, it re- 
places OH- This lb accompamcd by a spht of the dimer and the formation 
of monomeric dicj inide ferriprotoporphyrin Cyanide ion also causes a spht 
of dimeric reductant and formation stepwise of monomenc dicyamde ferro- 
protoporph3Tin "W hen a fixed mixture of oxidant and reductant is saturated 
with CN-, the electrode potential does not \ary with pH A result of the 
competition between Oil- and CN- for place m the coordination shell of 
the oxidant is tint while the liydroxyl ion concentration is high CN~ com- 
bines more firml 3 with the reductant than with the oxidant but the reverse 
IS true when CX- is relieved of tins competition at relatively low pH 
In }ieii{ral solution the addition of p 3 Uidme results m the sphttmg of the 
dimeric unit of ferripiotoporph 3 uin with the formation of monomenc dip 3 Ti- 
dine feriipiotoporph 3 iin On reduction this takes up 1 electron per iron 
atom to foini monomenc dip 3 nidine fenoprotoporphyim 
In alkaline solution the addition of p 3 Uidme results in a dimeiic dipyridme 
complex retaining, presumably, 1 hydroxyl ion per iron atom This behaves 
on titration as if it were a umvalent base wnth pKo at about 9 1 to 9 2 when 
the S 3 ^stem is practically saturated wnth pyiidme Tins is spht on addition 
of protons to form the compound mentioned m the foregomg paragraph On 
reduction at high concentration of p 3 Tidme it appears that 2 electrons, 2 
protons, and 2 pyridine molecules add to the dimer, spht it, and form mono- 
menc dipyridme ferroprotoporphyrm As a result of the absence of OH” 
m this reductant a fixed mixture of reductant and oxidant m the presence of 
high concentration of p 3 uidme shows AH^/ApH = — 0 0601 at 30° while the 
pH IS sigmficantl 3 greater than 9 2 but the potential becomes invanant with 
pH at low'er values of pH at which the oxidant no longer retains OH~ 
Although the equilibnum constants are functions of pH, it may be said 
m general that the concentration of pyridine at which feriiprotoporphyim 
IS half converted to the pyridine complex is very much higher than the con- 
centration of cyanide ion required for half transformation to the dicyamde 
complex Specific data are reported 

When both pyridme and cyamde ions are present, there is formed a cooi dma- 
tion complex at cyamde ion concentrations much less than would be requned 
to form the dicyamde complex in the absence of pyridme The data are 
m violent conflict with the assumption that there is formed a mcxture of those 
dicyamde and chp 3 Tidine complexes which are formed when either cyamde 
or pyridme, respectively, is present alone The data are accounted for 
quantitatively on the assumption that an entirely new species is formed, 
namely monomenc monocyamde-monop 3 a-idme femprotoporphyrm The 
function of pH in the foimation of this compound has been descnbed 
Several of the conclusions mentioned above have been reported previously 
but now are brought mto a fairly consistent system 
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There have emerged certam problems of structure which are discussed 
Differences between samples of hemm chlonde are noted 
Considermg as a whole any one of the ^sterns containing a metalloporphy- 
rm and a coordinatmg substance, we may find circumstances m which there 
are mtegrated the free energies of proton exchange, of oxidation-reduction, 
and differences between the free energies of association of the coordinating 
substance with the metallopoiphyrm m different states To some extent 
there is also mtegrated the free energy pertainmg to dimerization The free 
energy of aggregation to micellae is reflected famtly or not at aU m the data 
If famtly, it may account m part for the shght irregularities among the data 
It IS emphasized that the above conclusions have been reached by following 
objective analyses of data so far as feasible and mththe simplest assumptions 
that lead to consistencj'' 

In so far as such an artificial system is comparable to natural systems, 
the outhne given serves to show somethmg of the complexities of natural 
sj’stems and also a step toward resolution 
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THE I\rECHANISM OF IODINE CONCENTRATION BY 
THE THYROID GL VND ITS NON-ORGANIC IODINE- 
BINDING C VPACITY IN THE NORlvIAL AND 
PROPYLTHIOURACIL-TREATED RAT* 

Bi ILVIN TIUROG, I L CHAIKOFF, ai,d D D FELLER 
{From the Dtitsion of Physiology, Uniiersity of California Medical School, Berkeley) 

(Receiied for publication, July S, 1947) 

In normal rats maintained on an adequate iodine mtake, the iodine 
concentration m the thyroid gland is about 10,000 times as great as that m 
plasma, a finding that illustrates the remarkable lodine-concentratmg 
capacity of tins tissue (1) The fact that almost all of the lodme m the 
normal gland is organically bound (2, 3) w ould suggest that this concen- 
trating capacity is dependent upon the gland’s ability to convert inorganic 
iodine to dnodotyrosme and thj'roxine Although this view is supported 
by the rapid rate at \s Inch an mjected tracer dose of inorganic radioactive 
iodide IS organically bound by the gland (3), it does not account for the 
iodide concentiation by thyroid tissue \\hen large amounts of iodide are 
introduced into the animal Thus, Leblond (4) observed that in gumea 
pigs that received 500 y of labeled iodide per 100 gm of body n eight the 
largest part of the iodine fixed by the gland remained in the form of in- 
organic iodide foi some time Also, Lem (5) reported that most of the 
radioiodme taken up by the thyroids of rabbits during the first 10 minutes 
after the intravenous injection of 35 y of labeled iodide was still m the 
form of iodide 

The first demonstration that the mechanism of iodine concentration by 
thyroid tissue can be completely separated from synthesis of diiodo- 
tyrosine and thyroxine u as made in this laboratory with the aid of survivmg 
slices of thyroid tissue Frankhn et al observed that m the presence of 
10“’ M thiouracil surviving thyroid slices failed to convert inorgamc iodide 
to thyroxine and dnodotyrosme but retamed their capacity for concen- 
tratmg lodme (6) p-Ammobenzoic acid, thiourea, and sulfanilamide were 
shown by Frankhn et al (6) and by Schachner et al (7) to behave m a 
similar manner 

Subsequently, m intact animals, McGinty (8) and Astwood (9) found 
that thiouracil treatment does not abolish the lodme-concentratmg capacity 
of the gland, even though it completely blocks the production of the thyroid 
hormone ’l?he iodine taken up under these conditions, as shown by 

* Aided by grants from the Umted States Public Health Service and the Com- 
mittee for Research in Endocrinology of the National Research Council 
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Vanderlaan and Bissel (10), does not lemain in the gland for long, the 
maMmmn concentration being reached within the first half hour after the 
iodine injection 

The present communication deals with the non-orgamc lodine-concen- 
tratmg mechanism of the thyroid gland The use of both radioactive and 
chemical measurements made possible a moie complete mvestigation of 
this subject than had heretofore been reported 

EXPERUlENTAL 

Male rats that weighed 200 to 300 gm vere used throughout They 
n ere mamtamed on a stock diet that contained 0 3 -y of lodme per gm 
Propylthiouracil was admimstered by mixmg it with the diet to the extent 
of 0 10 or 0 15 per cent Both the contiol and the goitrogen-containing 
diets were fed ad hbtium up to the time that the animals were sacrificed 
Radioactive lodme was administered by the mtrapentoneal route 

Fi achonation of Thyroid Iodine — ^The thyroids from each rat were 
homogemzed v ith 1 cc of cold 10 pei cent tnchloroacetic acid in a small 
glass homogemzer The homogenate was centrifuged, the precipitate 
washed once with 5 cc of 5 per cent trichloioacetic acid, and the mixture 
agam centrifuged The supernatants from each rat sample weie combmed 
to form the morgamc iodine fiaction The precipitate was dissolved m 
1 cc of 2 N NaOH for determination of protem-bound (presumably or- 
gamc) iodine Radioactivity nas deteimmed by a scale-of-eight Geiger- 
INIuller counter eqmpped nith a thin mica nmdow tube Iodine deter- 
nunations were carried out as previously described (11) 

Effect of Propjjlthiouracil Feeding on Iodine Content of Thyroid 

The thy 1 Olds of lats fed a diet contaimng 0 15 per cent propylthiouracil 
foi 16 days v ere 3 oi -1 times the normal size (Table I) These enlarged 
glands contained only about 1 to 2 mg per cent of total lodme compared 
vuth the normal concentration of 35 to 60 mg pei cent The lodme lost 
through the action of the goitiogen was entirely orgamc 

Uptale of Radioiodide by Thyroids Made Goitrous by Prolonged 
Administration of Propylthiouracil 

Rats were fed a diet contauung 0 10 or 0 15 per cent propylthiouracil for 
15 to 17 days At the end of this penod the uptake by their thyroids of an 
mtrapentoneally mjected dose of was compared with that of control 
rats that were fed the same diet to nhich no propylthiouracil had been 
added Tam types of experiments were conducted In the first, a sample 
of ladioiodide containing no earner was mjected This sample is referre 
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Tabie I 

Bjfccl of Pfopylthiouracil on Iodine Content of Thyroid Oland of Rat 
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Organic todioe fraction 

i iodine 
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Iodine 1 

Iodine con | 
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centration 


xm 

WX 
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Controls 

230 

16 ; 

6 G i 

41 

0 22 1 

1 4 


235 

IS 5 

1 

00 

0 21 

1 1 


224: 

IS 

7 4 

41 

0 20 

1 1 


320 

25 

S S 

35 

0 29 

1 2 

Diet contaimng 0 15% 

230 

51 

0 50 

0 98 

0 14 

0 27 

propylthiouracil for 

210 

CO 

0 26 

0 43 

0 16 

0 27 

16 days 

ICO 

51 

0 45 

0 88 

0 24 

0 47 


239 

79 

0 21 

0 27 

0 42 

0 53 


279 

57 

0 22 

0 39 

0 66 

1 2 



Pig 1 The uptake of a tracer dose of radioactive iodide by the thyroids of normal 
and propylthiouracil-treated rats The latter received a diet contaimng 0 10 per 
cent propylthiouracil for 17 days 



192 


MECHANISM OF IODINE CONCENTBATION 


to here as a tracer dose In the second, a sample of radioiodide contammg 
100 T of iodide earner Mas injected 

Experiments with Tracer Dose — ^The morgamc radioiodide that entered 
the normal gland (Fig 1) Mas rapidly converted to oiganic lodme, and 
throughout the entire period of observation the lattei constituted more 
than 95 per cent of the total of the gland The amount of orgamcally 
bound contamed in the gland contmued to increase with time, and the 
highest value, namely 30 per cent of the mjected ladioactive lodme, M'as 
found at the 24 hour inten^al 

In the goitrous gland, on the other hand, practically all of the radioactive 
iodide that entered the gland lemamed as morgamc The maximum 
uptake of I^’S namely 9 per cent, was found 1 horn after the mjection, 
thereafter the I^^^ content of the gland decreased continuously 

Expenmenits vnth 100 y of Labeled Iodide — In this experiment the uptake 
of the radioactive iodide by the normal gland M’as slower than when the 
tracer dose was injected Only 0 5 per cent M’as taken up by the 1 hour 
interval and 2 5 per cent by 26 hours At the 1 hour interval, approxi 
mately 50 per cent of the thyroid’s radioiodme Mas recovered m the in- 
organic fraction This value should be compared with that observed in 
normal rats after mjection of a tracer dose of radioiodide, in which case 
it M’as found that very little of the gland’s radioiodme remained in the 
form of inorganic lodme, even at a very early interval after the mjection 

The curve depictmg the uptake of I‘®‘ by the goitrous gland xyhen 100 y 
of labeled iodide Mere mjected (Fig 2) resembles qmte closely that ob- 
served with the tracer dose (Fig 1) Maximum uptake by goitrous glands 
amounted to someMhat more than 10 per cent of the 100 y, and this oc- 
curred M’lthm 30 minutes Thereafter the percentage of the mjected 
iodide present m the gland decreased steadily, and m 26 hours only 0 5 per 
cent M’as found there Practically all of the radioiodme at all mtervals ivas 
found m the morgamc iodine fraction 

The experiment m ivhich 100 y of labeled iodide Meie injected demon- 
strates clearly (Fig 2) that the goitrous glands have a much greater than 
normal capacity for fixing mjected iodide Mithout convertmg it to an 
orgamc form 

It becomes clear from Fig 2 that the effect of such drugs as thiomacil 
on the total uptake of radioiodide by the thyroids depends on the interval 
elapsmg after the mjection of the I”‘ Foi example, at the 4 hour mterval 
it might be concluded that the uptake by the goitrous thyroids is greater 
than normal, M’hereas m 26 hours the reverse conclusion Mould be drann 
These findmgs, together Mith those of Vanderlaan and Bissel (10), serve 
to resolve at least partially the discrepancies which occur m the reports o 
those mvestigators, on the one hand, who find a depressing effect of thio- 
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uracil-hke drugs on uptake by the thyroids (12-15) and those who, on 
the other hand, have reported mcreased uptakes m animals treated with 
tluouracil (8, 9) 



OF LABELED IODINE 

Fig 2 The uptake of 100 7 of labeled iodide by the thyroids of normal and propyl- 
thiouracil-treated rats The latter received a diet containing 0 15 per cent propyl- 
thiouracil for 15 days 

Uptake of 2 y of Labeled Iodide by Glands of Rats Fed 
Propylthiouracil for 12 Hours 

In Table II are shown the results of an experiment m which rats were 
treated with propylthiouracil for only 1 night and the uptake of radioiodide 
by their thyroids measured 5 mmutes and 5 hours after the mjection of 
2 7 of labeled iodide The treatment with propylthiouracil was too short 
to affect the size of the gland The results at the 5 hour interval mdicate, 
however, that it almost completely blocked the formation of orgamc 
iodine 

It should be noted that the total uptake m the first 5 mmutes after the 
I^’* injection was not affected by the propylthiouracil treatment Thus 
it IS demonstrated here that a non-enlarged thyroid gland, which is unable 
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to synthesize organically bound iodine, retains its capacity to fix iodine 
initially This non-oigamc initial fixation of iodine by an apparently 
normal thyroid thus appears to be a process which is independent of the 
subsequent conversion of the iodine to diiodotyrosine and thj'roxme 

Table II 


Uptale of 2 y of Labeled Iodide by Thyroids of Rais Fed 0 15 Per 
Cent Propylthiouracil for 1 A ight 


Interval 

Treatment 



Per cent of injected 
taken up by thyroids 

Inorganic Pa X 100 
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Or 
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39 
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26 
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0 44 
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5 
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0 73 

38 

5 
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1 30 

0 61 

0 68 

47 

5 
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23 

0 77' 

0 75 
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98 
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21 

1 33 

1 31 

0 021 

98 

5 
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26 5 
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1 26 

0 027 

98 

5 

<( 
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21 5 

1 12 

1 10 

0 014 

99 
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5 
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215 

21 

42 2 

0 68 

41 5 

1 6 

5 

i ** 

218 

IS 5 

40 7 

0 70 

40 0 

1 7 

5 

ft 

275 

22 

37 1 

0 71 

36 4 

1 9 

5 

Propylthiouracil 

224 

19 5 

2 8 

2 5 

0 30 

89 

5 

ft 

227 

25 

2 8 

2 4 

0 36 

86 

5 

» 

1 

204 

20 5 

4 1 

3 9 

0 IS 

95 


Relation of Iodine Concentration in Thyroid to That in Plasma in 
Propylthiouracil-Treated Rats 

A gioup of twelve lats was fed a stock diet containing 0 15 per cent 
propylthiouracil for 16 days At the end of this peiiod they were injected 
intrapentoneally with 100 7 of iodide (as El, not labeled) and sacrificed 
at the following mtervals thereaftei, 0 5, 2, 6 , and 24 hours The average 
concentiations of iodide in plasma and thyioids are plotted in Fig 3 
From the resultmg curves it can be seen that the ratio of the thyroid iodide 
concentration to the plasma iodide concentiation remains roughly con- 
stant This ratio has the value 270 m 0 5 houi and 220 m 24 hours It 
appears, therefore, that m goitrous lats the thyroid and plasma iodide 
concentrations are m rapid equilibrium, the values found in these tivo 
tissues bemg related Imearly by a constant pioportion of approximately 
250 This piopoition is appaiently mdependent of the amount of iodide 
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injected, for the two curves obtained for the goitrous thyroids, namely 
that after the injection of a tracer dose (Fig 1) and the other after the 
injection of 100 y of iodide (Fig 2), are quite similar with respect to (1) 
the percentage of the administered dose taken up and (2) the time when 
ma\imum uptake occurred 

In some of the propylthiouracil-treated animals the concentration of 
lodme m the liver w as compared with that m plasma and m thyroid The 
liver showed no lodine-concentratmg capacity whatsoever, its iodine 
concentration w’as alwaj-s lower than that of plasma 



Pig 3 The concentrations of inorganic iodide in thyroid and plasma of propyl- 
thiouracil-treated rats at various intervals after the injection of 100 y of iodide The 
rats TV ere fed a diet containing 0 15 per cent propylthiouracil for 16 days 


Chemical Nature of Iodine Which Accumulates in Thyroids of 
Propylthiouracil-Treated Rats 

Trichloroacetic Amd Solubility — It was pomted out above that all the 
lodme fixed by the enlarged thyroids of propylthiouracil-treated rats 
appears m the trichloroacetic acid-soluble fraction, whereas m the normal 
gland all or nearly all of the iodine is precipitated by trichloroacetic acid 
along with the protem This findmg is m accord with the results of 
McGinty (8) and of Astwood (9) The former showed that the lodme 
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taken up by the goitrous glands is not precipitated by treatment with 
NaOH and ZnSO^, the latter show ed that practically all of the lodme taken 
up can be extracted from the oven-dried gland with distilled water Al- 
though these observations mdicate that the lodme held by the goitrous 
glands is not firmly bound to protem, the possibility of a loose protein 
linkage easily disrupted by mampulatmg the tissue is not ruled out 
Behavwr toward Iodide Camer — ^The identification of the chemical form 
in which lodme is fixed by the goitrous glands has been greatly facilitated 
by the use of radioactive iodine It is shown in the foUowmg experiment 
that the behavior of the radioactive lodme fixed by the thyroids of propyl- 
thiouracil-fed rats is identical with that of non-radioactive morgamc io- 
dide added as a carrier durmg the extraction piocedure 


Table III 

Nature of the Iodine in Thyroids of Propylthiouracil-Treated Rats Injected with 100 t 

of Labeled Iodide 
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1 
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51 

7 6 

7 6 

7 4 

1 
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52 

7 0 

7 0 

7 3 

6 

188 

47 

5 3 

5 3 

5 0 

6 

I 235 

63 

4 7 

4 7 

1 4 8 

26 

I 185 

53 

1 

0 68 

0 67 

0 64 


100 7 of labeled iodide were mjected mto rats that had been fed 0 15 per 
cent propylthiouracil for 14 days The glands, excised 1, 6, and 26 hours 
after the mjection, were homogenized with 1 cc of 10 per cent trichloro- 
acetic acid 2 mg of iodide cainer w'ere then added to this acid extract 
of the gland and quantitatively oxidized to I 2 wuth excess lodate The 
Ij was extracted with carbon tetrachloride and then reextracted with dilute 
thiosulfate solution All of the radioactive iodine which had ongmally 
been m the trichloroacetic acid extract was recovered m the thiosulfate 
solution (Table III) This findmg mdicates that the lodme in the tri- 
chloroacetic acid extract of the goitrous gland must have been m the form 
of either morgamc iodide (P) or lodme (I 2 ) ^ Its presence as organic iodine 

1 The radioiodine in the trichloroacetic acid extract of the thj roids of normal rats 
that had been injected with 100 •y of labeled iodine ivaa also quantitatively recovere 
in a thiosulfate solution by the above procedure 
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{i e C-I bond) is excluded, since the latter does not react with lodate to 
gi\e I; under the conditions used above 
To test the possibility that the thyioid iodine existed in the form of I2, 
tli3T0ids renio\ cd from propylthiouracil-tieated rats that had been injected 
with labeled iodide were giound with cbstilled watei or wuth dilute acid 
and the lesulting homogenate extracted directly with carbon tetrachlonde 
Onlv a negligible fraction (less than 1 pei cent) of the thyroid appeared 
in the carbon tetrachloride phase However, if the acid homogenate was 
fiist tieated with excess lodate (no iodide carrier), more than 80 per cent 
ot its radioactmtj’- w as found in the carbon tetrachlonde layer These 


Tcdle rv 

Dialysis and Ullrafiltralion Experiments 
See the text for details 


Weight 
o{ rat 

1 

1 

W eipht 
thyroid 

Per cent oi 

1 odtnmis 
! tcfcd 
m th>roids 

1 Treatment of thyroid 

Du 

ration of 
treat 
meat 

Per cent of thy- 
roid in 


DiaJy 
sate or 
ultra 
filtrate 

Residue 

£m 

ms 



krs 



274 

S4 

13 6 
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95 
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Dialysis of intact thyroid glands against 

17 
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distilled water | 
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5 0 

340 

99 

11 5 

Dialysis of intact thyroid glands against, 
oxygenated phosphate buffer, pH 7 3 

5 

94 5 

5 5 

306 

J 

62 

13 4 

Lltrafiltration of distilled water homo- 
genate of tissue 

16 

97 6 

2 4 


findings justify the conclusion that the iodine which collects in the thyroids 
of propylthiouracil-treated rats is not in the form of I2 but rather m the 
form of iodide (!“) 

Dialysis and Ullrafiltralion Ex-penments — Rats which had been mam- 
tained on 0 15 per cent propylthiouracil for 16 to 19 days were mjected 
With 100 7 of labeled iodide and their thyroids removed 0 5 hour latei 
The goitrous thyroids were homogemzed with cold distilled water and 
transferred to a Viskmg casing for dialysis or to a collodion bag for ultra- 
filtration All experiments were cairied out in a cold room mamtamed 
at 5-10° 

Each dialysis bag, contaimng about 5 cc , was attached to a stirrer and 
dialyzed against 150 cc of distilled water for 5 to 6 hours At the end of 
this period the dialysate was replaced with 100 cc of fresh distilled water 
and dialj’^sis continued for another 10 to 12 hours 
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UltrafiltratiOD was carried out by placing a slight positive pressure on 
the thyroid homogenate contamed m the collodion bag, a procedure which 
required about 12 hours for completion The clear ultrafiltrate gave a 
negative test for protein 

The results m Table IV show that undei the above conditions practi- 
cally all the radioiodine contamed m the goitrous glands passed through the 
semipermeable membrane - Complete passage of the radioiodme thiough 
the membrane was also observed even when the intact thyroid glands 
(^ e not ground) w^ere placed within the dialysis bag together with 5 cc of 
distilled water or 5 cc of oxygenated phosphate buffer The dialysis was 
almost quantitative in 5 hours, 95 per cent of the radioiodme appearing in 
150 cc of dialysate within this time 

DISCUSSION 

It was suggested earliei, on the basis of experiments with surviving 
thyroid shces, that there exists in the thyroid gland a mechanism foi the 
selective uptake of lodme independent of its conversion to diiodotyrosme 
and thyroxme (6, 7) The existence of such a mechamsm is amply sup- 
ported by the results presented here on the mtact thyioid (Figs 1 to 3) 
As much as 15 pei cent (Table IV) of an mjected dose of 100 j of iodide 
appeared in 30 minutes in the thyroids of piopylthiouracil-fed rats despite 
the tact that the synthesis of orgamc iodine compound by these glands i\ as 
almost completely inhibited At this time mterval the iodide concentra- 
tion in the thyroid w'as 200 to 300 tunes that in the plasma The iodine 
was not held in the gland for long, practically all of it disappeared w ithin 
24 horns The failure of such glands to retam iodine may be explamed by 
their inability to convert it to the organic foim in w'hich it is normally 
held by the gland 

The fact that the gland of the propylthiouracil-treated animal possesses 
a mechamsm for concentratmg lodme independent of its conversion to 
diiodotyrosme and thyroxme suggests, but does not piove, that a similar 
mechanism exists in the nonnal gland Its existence in the normal gland, 
moreover, is rendered plausible by the results of the experiment m which 
rats were exposed to the goitrogemc diet foi only 12 hours (Table II); 
orgamc lodme formation m their thyroids wms completely inhibited, even 
though the glands remamed normal m size The uptake of T” by these 
glands at a very short mterval after the mjection of the radioiodme (5 
mmutes) did not differ significantly from that m controls (Table H)^ 
These results show that the imtial fixation of iodine e non-orgamc) by 
the thyroid gland w as not mterfeied with They suggest therefore no 

: Only 5 per cent of the radioiodme contained in the normal thiroid was dialyzable 
m 24 hours 
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onlj’’ that the uormal gland has a mechanism foi binding iodine in a non- 
organic form, but that the ’primary action of such drugs as thiouracil is on 
the synthesis of organic iodine and not on the lodine-trappmg mechanism 
Further evidence foi the existence of a non-oiganic lodme-bmdmg 
mechanism in the nonnal thyioid is provided by the findmg (Fig 2) that 
1 hour after the injection of 100 y of labeled iodide into normal lats the 
concentration of newly fixed tnorgamc iodide in the thyroid gland w'as at 
least 1000 y per cent, whereas that of plasma was less than 100 y pei cent 
It appears from these lesults that the mechanism m the normal thyroid 
gland for synthesizing oiganic lodme is more lapidly saturated than the 
lodide-fLxing mechamsm of the gland (4) 

Wiat is the mechanism b}" A\hich the thyioids of propylthiouiacil- 
treated rats are able to hold iodine m a non-oiganic foim at a concentration 
200 to 300 times as great as that m plasma? It is reasonable to suppose 
that the iodine fixed by these glands is held in some sort of loose chemical 
linkage Such a tjpe of linkage is exemplified by the dihalide addition 
products which form the basis of Lavme’s method for determmation of 
methionine (16) Such compounds (periodides) are formed by reactions 
between Ij and thio ethers, ammo groups, and other groups possessmg a 
free pair of electrons 


I 

S R: + I2 Ri R^ + I"" 

I 

R N H + I2 R N+ H + I- 
H H 

In acid solution the peiiodides decompose wath the liberation of I2 The 
evidence obtained heie defimtely opposes the view”^ that such Imkages play 
an unportant role m the fixation of lodme by the goitrous glands, smee 
none of the iodine taken up by these glands could be extracted diiectly 
with CCI4 from an acidified homogenate of the tissue Moieover, only 
after the addition of an oxidizmg agent such as lodate to the homogenate 
was the fixed iodine readily extracted with CCh These findmgs, together 
with the observation that all of the iodine taken up by the goitrous glands 
behaves exactly as does added iodide earner, may be taken as good evidence 
that the fixed lodme remains in the gland in the form of moigamc iodide 
(I~) A similar conclusion wms reached by Vanderlaan and Vandeilaan 

(17) 

Thus, while it is definitely established that the iodine taken up by the 
goitrous gland is piesent as I“, the exact nature of the Imkage that binds 
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it IS not known Whatever its nature, this linkage must explain the fol- 
lowmg experunental findmgs (1) The thyroid lodme concentration is in 
relatively rapid equilibnum with the plasma iodine level but remains about 
200 to 300 times as great as the latter (2) The thyroid lodme does not 
precipitate with the protems when the tissue is homogemzed w ith trichloro- 
acetic acid, or with sodium hydroxide and zinc sulfate (3) The thyroid 
lodme IS completely dialyzable and ultrafiltrable (4) The uptake of 
iodine by the goitrous gland is inhibited by KCNS (10) 

Salter et al have postulated the existence of what they term “protein- 
bound inoiganic iodide’’ to explam the lodine-trapping mechanism of the 
thyroid (18) While the above evidence does not rule out such a concept, 
it does provide certain limitations to the type of protein-iodide linkage 
M hich IS possible 


SUMMABY 

1 Thyroids of rats made goitrous by prolonged feeding of propylthio- 
uiacil possess a mechamsm for concentratmg injected lodme despite a 
complete block in the formation of organic lodme This concentratmg 
mechanism can be demonstrated after the injection of a carrier-free dose of 
radioiodide as well as after the injection of an amount as large as 100 y of 
iodide The capacity of these goitrous glands for fixing mjected iodide in a 
non-orgamc foim is much greater than normal 

2 In propylthiouiacil-treated rats the curves depictmg the changes in 
the inoiganic iodide concentration of plasma and of thyroid tissue after 
the injection of 100 7 of iodide are snnilar m shape In both, the maximum 
concentration is leached within 0 5 hour, the iodide concentration failing 
rapidly thereafter (Fig 3) A linear relation i\ as found betu een the iodide 
concentrations in goitrous thyroid and plasma, the former at all intervals 
being 200 to 300 times as great as the latter The extent to which non- 
organic iodine trapping can occur m the thyroids of propylthiouracil- 
treated rats is therefore limited by the concentration of plasma iodide 

3 The following pomts are estabhshed about the chemical nature of 

the iodine taken up by the goitrous glands (o) It is all in the form of 
inorganic iodide (I") (h) It is not stably bound to protem, although the 

possibihty of a verj'- labile protem linkage is not ruled out 

4 In rats treated with propylthiouracil for only 12 hours the thyroids 
are normal in size but are unable to synthesize organically bound lodme 
compoimds Such glands, however, show the same mihal rate of fixation 
of injected iodide as do the glands of untreated rats This suggests that 
even m the normal thyroid there is a mechamsm for fixmg iodine which is 
mdependent of its subsequent conversion to dnodotyrosme and thyroxme 
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5 The charactenstiLS of the linkage responsible for concentrating iodine 
in a non-organic form m thyroid tissue are discussed 

Iddcndum — After this munuacript had been submitted for publication there ap- 
peared in extensive article by V anderlaan and Vanderlaan dealing with the same 
subject (19) Their findings arc in good agrceinent with the data presented here 
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TflE EFFECT OF SOjME AMINO ACIDS ON THE GROWTH AND 
NICOTINIC ACID STORAGE OF RATS ON LOW CASEIN DIETS* 

Bv S A SING.a, V P SYDENSTRICICER, and JULIA M LITTLEJOHN 

{From tho Dcparlmcnls of Biochcmislnj and Medicine, Umversily of Georgia, Sehool 

of Medicine, Augusta) 

(Rcceued for publication, July 7, 1947) 

Krehl et al (1, 2) ha^e obsened that the inclusion of large amounts of 
corn grits m a low piotcin diet produced a giowth retaidation m rats, 
winch was corrected by the addition of eithei nicotmic acid or L-trypto- 
phan The beneficial action of the ammo acid is now attributed to its 
role as a biological piecursoi of nicotmic acid (3-5) It is not necessary 
to postulate the existence of a specific pellagragenic agent m corn for the 
rat, at least, because the deficiency syndrome with com can be duplicated 
w ith non-corn rations by the addition of tryptophan-deficient proteins or 
acid-hydrolyzed protems to a nicotmic acid-deficient diet contaming 
suboptunal amounts of tiyptophan (6) Inasmuch as nicotmic acid pro- 
duced normal growth on the nicotmic acid-deficient diets only when these 
protem supplements weie piesent, it appeals piobable that the unsupple- 
mented diet w'as also madequate with legaid to some ammo acids In 
this lespett. Hall and Sydenstricker (7) have observed nonnal growdh 
m lats when lysme, \alme, thieonme, histidme, and tiyptophan were 
added to low casern diets adequate in othei respects 

We report here the pi eduction of a seveie nicotmic acid deficiency m 
the rat on low protem diets supplemented wuth some ammo acids and the 
effect of these substances on the stoiage of nicotmic acid m the livei 

EXPEHniENTAL 

Wistar rats, 21 to 23 days old, were used m these experiments The 
basal diet consisted of casein (Labco) 9, sucrose 82, salts (8) 4, L-cystme 
0 2, cottonseed oil 3, and cod liver oil 2 parts Vitamms w ere incorporated 
m 100 gm of diet at the following levels thiamme 1 0 mg , riboflavin 1 0 
mg , pyridoxme 1 0 mg , calcium pantothenate 2 0 mg , choline chloride 
200 mg, 2-methyl-l,4-naphthoqumone 0 5 mg , inositol 10 mg, biotm 
0 02 mg , and folic acid 0 2 mg a-Tocopherol w^as admmistered at a 

• Acknowledgment is made of aid from the John and Mary R Markle Foundation 
and the Umted States Public Health Service Folic acid and biotin were generously 
contnbuted by Lederle Laboratories Division, American Cyananud Company and 
Merck and Company, Inc , respectively 
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EFFECT OP IMINO ACIDS ON GEO^WTH 


level of 1 0 mg per rat pei week Supplements of ammo acids replaced 
an equal amount of sucrose m the diet 

The nicotinic acid content of liver was determined microbiologically 
(9) on tissue evdracts prepared by autolysis aided by taka-diastase and 
papain (10) 

From the lesults m Table I it is evident that the giowth on the basal 
ration can be improved to a limited extent by the addition of eithei nico- 
tinic acid or trj'ptophan Even here, however, values lemam beloiv the 
rate of 21 gm per week of our normal stock annuals The nicotinic acid 
content of the livers of these animals is similarly incieased by supple- 


Tible I 

Growth and Liver Nicotinic Acid of Rats on Various Diets 




Diet I 

Gam per wk 
for 4 wLs 

Liver mcotinic 
aad 

1 

1 10 

Basal 

Sm ] 

9 ( 6-12)* 

y per gm 

123 ( 90-155)* 

2 

H 

“ ■+ 10 mg % mcotimc acid 

14 (11-18) 

148 (126-173) 

3 


“ -V- 0 2 % L tryptophan 

15 (12-19) 

177 (129-227) 

4 

9 

, “ + ammo acid mivturet 

2 (-1 to 

148 (103-194) 

1 

5 

9 

I 

Diet 4 4-20 mg % mcotimc acid 

4-4) 

20 (17-25) 

160 (142-lSO) 

6 


“ 4-1-02% L-tr>'ptophan 

24 (19-28) 

218 (180-276) 

7 


^ “4 nunus l lysine 

3(2-3) 

126 (100-167) 

8 1 


“ 74-20 mg % mcotimc acid 

20 (19-21) 

172 (149-188) 

9 

1 


“ 74 - 02 % L-tryptophan 

23 (21-25) 

209 (182-263) 


* The values m parentheses represent the range 

t Composition of ammo acid mivture, L-histidme monohydrochloride 0 25 per 
cent, L lysine monohydrochloride 0 52 per cent, DL-valme 0 30 per cent, and Dt 
threonine 0 40 per cent 

mentary mcotimc acid With tiyptophan, however, noimal storage' is 
found, m spite of a suboptimal gronTh rate 

Lysme, valme, histidme, and threonine, vhen added to the basal ration 
to improve the ammo acid composition, produce a marked growth de- 
pression,- vhich is not reflected m a further decrease m the liver mcotimc 
acid In fact, these values are somewhat above those obtamed on the 
basal diet alone Within this former group the growth rates of — 1 to -f 4 
correspond to values of 194 to 103 7 for the vitamm content of the liver, 

1 The liver mcotimc acid of our stock animals is 160 y per gm of tissue 

2 Most of these nnimnla evhibit a reddish staimng of the nose and whiskers and a 
leddenmg of the paws, apart from any porphjnn-hke accumulation Corneal vas- 
culanzation is absent 
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indicating that within this gioup an mveise lelationship exists between, 
tlie growth late and nicotinic acid stoiage The addition of nicotinic acid 
(Diet 5) or tryptophan (Diet 6) not only collects the giow'th depression, 
but peimits a normal growth late, winch is not possible m the absence of 
tliese ammo acids (Diets 2 and 3) The sjmergistic effect of nicotmic acid 
and tliese ammo acids is also reflected in normal mcotinic acid storage m 
the Iner With supplementaiy tiyptophan, storage values aie consider- 
ably abo\e normal,® mchcatmg peihaps either excessive synthesis oi re- 
tention of biologically active mtermediates in the synthetic process 
It is of mterest to note that in animals on Diet 3 tiyptophan can maintain 
a normal lev el of nicotmic acid in the liver, m spite of a subnormal growth 


Tvble II 

Effect of letd Hydrolysis on Liver Nicotmic Acid Values 


Diet No • 1 

Liver cicotuuc acid 

By autolysu 

By autolysis + acid 
hydrolysis 

1 

T per tm 

90 

7 per sm 

101 

2 

144 

139 

3 

237 

226 

4 

161 

174 

5 

152 

154 

6 

239 

232 


The values represent data obtained from one litter of six rats The “autolyzed”' 
data are included in Table I 
* As given in Table I 


rate, whereas this is hot possible if nicotmic acid is pieformed m the diet 
(Diet 2) 

Inasmuch as nicotimc acid will promote normal growth when the lysme- 
deficient protem zem is added to a low protem diet (6), this ammo acid 
was omitted from the ammo acid supplement (Diet 7) The effect of this 
modified amino acid supplement on the growth of rats on the basal diet 
resembles that observed with the ammo acid mixture contammg lysme 
However, there is no change m the nicotmic acid storage m the liver. 
With supplementary nicotmic acid or tryptophan the growth depression 
IS corrected and normal growth ensues It is also evident that the amount 
of lysme m a 9 per cent casern diet is adequate for normal growth when 
optimal amounts of other ammo acids are present 

® In unpublished expenmenta we have found values of hver mcotimc acid as high 
as 353 y per gm in rats on diets containing from 0 5 to 1 0 per cent n-tryptophan 
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EFFECT OP AiUNO A-CIDS ON GBO'VVTH 


In a previous commumcatiou from tius laboratoiy (5) it was shown that 
after the administration of tryptophan to rats there was an mcreased uri- 
nary excretion of an umdentified substance, which was converted to nico- 
timc acid after acid hydiolysis Apparently this derivative is not present 
in significant amounts m the livers of rats on vaiious diets in the pres- 
ent work (Table II) 


DISCUSSION 

Sarett and Perlzweig (11) and Wiight and Skeggs (12) have shoirn 
that the nicotimc acid storage in the liver, regardless of vitamin intake, is 
directly related to the protem level of the diet Our results indicate that 
on a 9 per cent casern diet the addition of mcotimc acid will increase the 
storage to a limited extent This restriction of action is apparently re- 
lated to the existence of deficiencies of some amino acids on the low protein 
ration, for when these deficiencies are satisfied, dietary mcotimc acid not 
only permits normal growth, but also normal storage It is of interest to 
note m this respect that Salmon (13) observed that mcotimc acid has a 
more marked growth-promotmg action m rats on 12 per cent than on 9 
per cent casern rations It is presumed that at the higher level of casein, 
with which deficiencies of some ammo acids are less evident, mcotimc 
acid can exert more fully its groivth-promoting action 

The production of a severe mcotmic acid deficiency m the rat by the 
addition of some ammo acids to a 9 per cent casern lation may explain the 
similar deleterious effects of zem, gelatin, or acid hycholysate of fibrin 
when added to a low protem ration ICrehl et al (14) have observed that 
of a number of amino acids tested glycme was paiticularly effective in 
depressmg giowth of lats under similar conditions In this lespeet i\e 
have found that sodium benzoate does not pievent the growth-inhibitory 
effect of gelatm in rats on low casern diets * Groschlce et al (15) indicate 
that most ammo acids depress grmvth m chicks on diets low in mcotimc 
acid In lat experiments mvolvmg the addition of ammo acids to a Ion 
piotem diet, it is well to consider not only the growth-depressing effects 
of these substances, but also their ability to promote normal groivth upon 
the addition of mcotimc acid 


SUMMAKY 

The giowth of rats on a 9 pei cent casern diet is improved to a limited 
extent by supplementary mcotmic acid or L-tryptophan This is associ- 
ated with an inci eased level of liver mcotimc acid The addition of histi- 
dme, vahne, threomne, and lysine to the low protein diet produces a 

* tJnpubbshed data 
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maikcd growtii dcpie&sion, which is not accompanied by a deciease in 
liver nicotinic acid The addition of eithei nicotmic acid oi tryptophan 
not only corrects the growth ictaidation, but also permits normal growth 
Wdicn Ijsine is omitted fiom the ammo acid nuxture, essentially similar 
results are obtained 

No evidence is obtained foi the presence m hvei of an acid-hydiolyzable 
denvatiie of nicotuiic icid pieviously lepoited present m the mme of 
rats lecciving tryptophan 
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UTILIZATION OF b-TRYPIOPHAN BY THE CHICK* 

Bv M C AVILKENING \nd B S SCHWEIGERT 

(From Ihc Dcparlmcnt oj Biochemistry and Nutrition, Ayncullural and Mechanical 
College of Texas, College Station) 

(Received for publication, July 22, 1947) 

In i teries of in\ estigations on the amino acid requirements of poultry, 
studies have been earned out on the tryptophan requuement of the chick 
It immediately became evident that the rates of gam observed when dl- 
trj'ptophan uas fed ueie fai gieatei than could be accounted for on the 
basis of the amount of L-tiyptophan contributed by the nn-tryptophan 
These results suggested that the n isomei of tryptophan was utilized to 
some extent by the chick The woik was extended to obtain additional 
data The results obtained uith these studies on the utilization of n- 
tryptophan by the chick aie piesented m this paper 

EXPERIMENTS 4ND RESULTS 

^Mtxcd day-old cross-bied chicks (New Hampshire-white Leghorn) were 
fed a practical cluck starter ration for 10 days Those individuals that 
deviated the gieatest from the aierage performance were discarded Ten 
chicks i\eie then selected foi each expeiimental gioup, so that the average 
gam and v eight were the same foi all groups The basal diet used con- 
sisted of (in pel cent) oxidized casein (1) 12, gelatin 10, mmeral mixture 
(2) 0, com oil 5, fish solubles 2 (dry basis), L-cystme 0 5, nn-methionme 
1 0, fortified cod liver oil 0 75, and corn-starch to 100 The foUowmg 
amounts (m mg ) of vitamms ivere added to each 100 gm of diet, thiamme 
0 60, riboflavin 0 66, pyiidoxine 0 66, calcium pantothenate 2 2, nicotmic 
acid 5 0, inositol 100, cholme 200, p-ammobenzoic acid 0 2, biotm 0 02, 
pteroylglutamic acid 0 2, 2-methyl-l,4-naphthoquinme 2 0, and mixed 
tocopheiols 10 0 The vitamins and graded levels of l- and nn-trypto- 
phan‘ veie added at the expense of the starch When sufficient trypto- 
phan Mas added to this lation, the rates of growth obtamed were compa- 
rable to those obtamed with rations which contamed 12 or 18 per cent 
untreated casein supplemented with cystine, methionine, and tr 3 T)tophan 

* Some of the expenmental data have been taken from a thesis submitted by M C 
Wilkemng in partial fulfilment of the requirements for a degree of Master of Science 
in Biochemistry and Nutrition 

* We are indebted to The Dow Chemical Company for generous gifts of nn-trypto- 
phan The n-tryptophan was purchased from General Biochemicals, Inc 
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D-TRYPTOPHAN UTILIZATION 


From these results it was apparent that other ammo acids were present 
in adequate quantities m the basal ration 
The groups were fed the tryptophan supplements indicated m Table I 
for a period of 14 days It can be seen that the rate of growth obtained 
with various levels of DL-tryptophan was much greater than that observed 
for equivalent levels of L-tiyptophan For example, chicks fed 0 1 per 
cent L-tryptophan gamed 20 gm during the 14 day test penod, nhile 
chicks fed 0 2 pei cent DL-tiyptophan gamed 72 gm , m spite of the fact 
that both lations contained the same level of L-tiyptophan The differ- 
ence m growth rates v as shown to be highly significant (P <0 001) In all 

cases the levels of tiyptophan used were not above those required for 
optimum groivth By nuciobiological analysis with Streptococcus faecalts 


Table I 

Activity of D-Tryptophan for New Hampshire-White Leghorn Chieks 


Experiment No 

Qiuntity of tryp- 
tophan added to 
basal diet 

Isomer 

Average gam for 2 
wk period 

Apparent activity 
ofD tr>ptophan 

Feed efficieDcy* 


per cent 


tm 

per cent 

■M 

1 

0 10 

L 

20 


mBM 


0 15 

t( 

112 




0 15 

DL 

35 

40 



0 20 


72 

30 



0 25 

<( 

117 

26 

0 42 


0 30 

“ 

143 

17 

0 50 

2 

0 125 

L 

27 


0 15 


0 20 

DL 

66 

40 

0 32 


* Gm gamed per giu of food consumed 


R as the test organism, the nn-tryptophan was 50 per cent as active as the 
L-tryptophan The medium used m these tests was the same as that 
described previously, with the appiopriate ammo acid omitted (3) There- 
fore, the results obtamed with the chick can be explamed on the basis of 
utilization of the n isomei For each level of DL-tryptophan fed, the 
apparent activity of the d isomer was calculated from the growth data 
obtamed with gioups fed graded levels of L-tryptophan The utihzation 
of the D isomei observed for the various groups fed DL-tiyptophan ranged 
from 17 to 40 pei cent (Table I) Results obtamed on the efficiency of 
feed utihzation were m excellent agreement with those obtamed for growth 


and are also mcluded m Table I 

Recent studies by Briggs and associates (4) show that, with rations 
contammg 10 per cent {gelatin, the chick requires approximately 5 mg ot 
Tucotimc acid per 100 gm of ration Although the basal ration vas 
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supplemented uith o mg of this vitamin pei 100 gm of latiou, additional 
studies uerc tamed out with 10 mg of nicotinic acid added The growdh 
rates were identical foi groups fed the 0 2 pei cent m>tryptophan ration 
with 5 or 10 mg of nitotmic acid jici 100 gra Thercfoie, it was assumed 
tint sufficient nicotinic acid was added to the basal diet, and the lowei 
lc\cl was used m subsequent c\pciimcnts 
By measurements of feed efficiency, Giau and Almquist (5) concluded 
that the n isomci of tiyptophan w’as not utilized by the white Leghorn 
cluck Therefore a senes of experiments was devised with mixed white 
Leglioin chicks to extend the obseuations made wuth the New Hampshne- 
whitc Leghorn cross * Ihc same expciimental legimen was used m this 
work and ten caiefull}’’ selected bnds weie mcluded m each gioup The 
expciimental period was teimmated after 12 days in older to conform to 


Table II 

iclinhj of D Tryptophan for While Leghorn Chicks 


Ouiutitj of tovto- 
pb:u] added to boial 
diet 

j Isomer 

AverSBO £0>n for 12 
day period 

Apparent activity of 
» tiyptophan 

1 Feed efficiency* 

fef cent 

i 

sm 

per cent 


Xono 


-13 



0 10 

^ i 

18 


HUH 

0 135 


66 




(t 

88 


0 44 


Dh 1 

13 

23 

I 0 08 

HBI 

(t 

89 

17 

' 0 42 


* Gm gained per gm of food consumed 


the length of time used by Grau and Almquist The results are shown 
m Table II The utilization of the n isomer of tiyptophan obtamed wuth 
the white Leghorn appealed to be somewhat less than that observed with 
the cross-bred chicks 

DISCUSSION 

The basal ration used affords an excellent basis foi measurements of 
the utilization of D-tiyptophan as w'ell as of the actual quantitative re- 
quirements for tryptophan The basal mtion contributes approximately 
0 008 per cent of L-tryptophan and the cross-bred chicks fed this ration 
lost an average of 18 gm m the 2 week test period Birds fed an optimum 
level of tryptophan, however, gamed an average of 144 gm m this period 
Thus, a rather extensive range of gam was utihzed to measure the activity 
of D-tryptophan at several levels Similarly, the feed efficiency computed 
as the aveiage for each gioup of ten birds showed a similar range The 
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OXIDATION OF LACTOSE AND ilALTOSE 


appears to have been made by Lembke to isolate or identify oxidation 
products 

Investigation of tbe foimation of bionic acids by microorganisms has 
no doubt been discouraged by the xvide-spiead ability of microorganisnb 
to cleave en 2 ymatically the glucosidic linkage of the reducing disacchandes 
In fact, the question of n hether oi not any microorganisms can metabolize 
reducmg disacchandes without prior hydiolysis has been a subject of 
controversy It w’as, therefore, one of the objectives of our work to sepk 
a defimte answer to this question, at least for some members of the genua 
Pseudomonas, by attemptmg the isolation of the biomc acids 

In our oxidation studies we exammed fifteen species of Psendomms 
and found that P graveolens was capable of oxidizmg lactose to calcium 
lactobionate, m rotatmg drums, with a yield of 75 per cent in 165 hours 
Some of the species (P puiida, P mucidolens, P myxogenes, P aeruginosa 
(VendreU stram), P pavonacea, P putnfaciens, P jlmrescens, P chhro- 
raplus, and P eyncyanea) weie also able to oxidize lactose to an acid m 
considerable amount The fermentation time, houexei, was so long that 
this group of micioorgamsms was not studied further nor was the nature 
of the oxidation pioducts determmed The lemainmg species (P oiaJi's, 
P mtldenhergu, P symantha, Chromohaciermm aodznum, and P sao 
chaiophala) were almost without action on lactose 

With maltose, Pseudomonas giaveolens agam proved to be the best of 
the eighteen species tested foi biomc acid production A 77 per cent jield 
of calcium maltobionate was obtamed m 50 hours in a rotatmg drum 
P fragi also oxidized maltose at a good rate, but the high calcium values 
suggested oxidation beyond the biomc acid stage The remaining species 
(P puhda, P mucidolens, P myxogenes, P mildenhergii, P aeruginosa 
(VendreU strain), P pavonacea, P jluoiescens, P boreopolis, P syncyaiua, 
P avails, P schuylkilhensis, P synxaniha, Chromohaclenurn xodinuni, 
puirefaciens, P saccliai ophila, and P chloi oi aphis) oxidized maltose too 
slowly to be of mterest foi the preparation of the biomc acids The r. 
mne species of this group w ere also found to hydrolyze maltose 

The crude calcium lactobionate was obtamed by concentration o ^ 
filtered culture liquor to dryness The salt w as a w bite, non-hygr^®^^^ 
amorphous powder show mg analytical figures m fan agreement wi 
for calcium lactobionate This crude calcium salt from the 
could be readily purified by means of the difficultly soluble basic c 


The identity of the calcium lactobionate obtamed b}’' fennenta lon^^ 
established by hydiolysis to D-galactose and calcium 
galactose, which was recovered m 85 per cent yield, was ^ to 
its melting pomt, rotation, \-ray diffraction pattern, and by conve 
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the clnracteristic o-tol}! hjchazone The calcium gluconate, isolated m 
S6 per cent yield, was chaiactciized by its lotation and vray diffraction 
pattern 

Further confirmation of the identity of the lactobiomc acid was supplied 
by con\crsion of the cnidc calcium salt into the ciystalline double salt of 
calcium bromide and calcium lactobionate This double salt gave an 
viay diffraction pvttem identical with that of a synthetic sample kindly 
supplied by Di H S Isbell of the National Bureau of Standards Crude 
and purified calcium maltobionate samples were obtamed in the manner 
already described foi calcium lactobionate The identity of the natural 
maltobiomc acid was established by compaiison of its brucine salt with 
the coriesponding salt of synthetic maltobiomc acid piepared by the 
electroljdic method 

These prelimmar}'’ studies mdicate that the biochemical pioduction of 
biomc acids m quantitj , m good 3''ield, and m high puiity can easily be 
accomplished by using the propei strain of Pseudomonas It has been 
established, theiebj'', that at least some microoigamsms can metabolize 
disaccharides without piioi hycholysis 

Matenals and Methods 

Pielminaiy Fermentation Studies — ^To find species of sufficient mterest 
to warrant larger scale studies, fermentations were cairied out wuth 100 
ml of solution The culture solution w'as contained in Pyrex tubes incu- 
bated at 30° and fitted with finely porous stones through wffiich air flowed 
at tlie rate of 100 ml pei mmute 

The moculum for each of the 100 ml cultures was growm for 24 hours m 
S ml of a liver extiact medium w'hich imtially contamed 0 2 per cent of 
glucose The fermentation medium contamed, m addition to approx- 
imately 100 gm of disacchaiide, 0 6 gm of KHjPOj, 0 25 gm of MgSOi - 
7H2O, and 5 ml of com steep liquor per htei 3 drops of soy bean oil were 
added to each culture as an antifoam agent At the time of inoculation, 
1 ml of sterile 20 per cent mea solution and 2 5 gm of CaCOj (sterilized 
dr}'-) were added to each culture 

Drum Runs— Toe rotatmg drums were those desciibed by Henick, 
Hellbach, and May (12) For the 3 liters of fermentation liquoi, a 100 
ml cultme such as was used for the preliminary studies served as moculum 
Nutrients were supplied to the dium cultures m the same concentrations 
as to the test-tube cultures The an flow through the 3 liter cultures was 
1200 ml per mmute, the tempeiature was 25°, and the rate of rotation 
was 9 5 R p M 

Calcium was determined on filteied culture liquors by permanganate 
titration after oxalate precipitation Maltose and lactose were determmed 
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by the method of Shaffer and Hartmann (13) by use of specially prepared 
curves for the copper-sugar latios 

Culture numbers appearing m the experunental part are those of the 
Culture Collection, Fermentation Division, Northern Regional Research 
Laboratory, Peoria, Illinois 


EXPERIMENTAL 

Studies on Lactose 

Preliminai'y Fermeninhons — 100 ml cultures contaimng 9 60 gm of 
lactose Tsere fermented mth fifteen different species of Pseudomonas, and 
samples were removed periodically for sugar determmations After 6 
daj'S of mcubation, the P giaveolens 14 fermentation was harvested 
There was no residual lactose The other cultures were harvested after 
13 days, at vshich tune all gave positive tests for reducmg substances with 
the Shaffer-Hartmann reagent and negative tests for monosaccharides 
with Barfoed’s reagent Nme of the species (P putida 13, P aeruginosa 
(Vendrell strain) 23, P mucidolens 16, P myxogenes 19, P pavonacea 24, 
P puirifaciens 77, P fluorescens 334, P chlororaphis 560, and P syncyanea 
652) showed some dissolved calcium, m some cases a considerable amount 
The remammg five strains (P ovalts 8, P mildenbergn 21, P synxantha 
79, Ckromobacienum lodtnum 141, and P saccJiarophila 628) consumed 
almost no lactose 

Drum Run on Pseudomonas graieolens 14 — ^3 liters of culture solution, 
which contamed initially 9 30 per cent lactose (anhydrous), were moculated 
with a 100 ml culture of P graveolens 14 After 165 hours the culture 
contamed no residual sugar Lyophihzation of 100 ml of the filtered 
culture liquoi gave a white powder which, after drymg to constant weight 
at 100° (3 5 hours at 1 mm ), weighed 7 94 gm [a] ^ = +23 8° (col, 
H2O) The analytical values approach those of calcium lactobionate 

Analysis — C-,H, O iCa (754 6) Calculated C 38 2, H 5 61, Ca 5 31 

Found “ 38 4, “ 5 95, “ 5 10 

Based on the calcium analysis, 96 per cent of this crude product was 
calcium lactobionate, which corresponds to a 75 per cent yield for the 
fermentation Hydrolysis of 79 6 mg of the anhydrous salt gave 38 8 
m"" of galactose (calculated for pure calcium lactobionate, 38 0 mg ) as 
estimated by the Shaffer-Hartmann method The hydrolysis conditions 
(0 2 N HCl for 30 mmutes at 15 pounds autoclave pressure) were estab- 
lished with calcium lactobionate prepared by the electrolytic method of 
Isbell and Frush (8) The method gave v alues accurate to ±3 per cent 

Hydrolysis of Natural Calcium Lactobionate to Galactose and Calaum 
Gluconate— "fhs. lactobiome acid obtamed by means of an ion exchange 
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resin from 3 02 gm of the crude salt was heated on the steam bath for 4 
hours ^\lth 1 N HCl The cooled hydrolysis mixture was freed of chloride 
ion ^\lth AgjCOj and the excess of silver removed with HjS A slight 
excess of CaCOj iias added and the filtered solution concentrated to 10 
ml Addition of 23 ml of hot methanol precipitated a gum which was 
washed three times with 15 ml portions of hot methanol The gum was 
dried in lacuo to 1 G1 gm of w'hite powder, from w'hich 1 42 gm of calcium 
gluconate were obtained by crystalhzation from aqueous ethanol The 
product showed the correct vray pattern and rotation (+9 3°, c 2 9, H2O) 
for that salt Based on 96 per cent purity of the crude calcium salt, the 
isolation of 1 42 gm of calcium gluconate represented an 86 per cent re- 
cox ery for the hydrolysis 

The combmed methanol extracts from the precipitated gum were con- 
centrated to a syrup xxhich crystallized after standmg for several days 
Filtration gave 1 17 gm of xvhite crystals xvhich xvere shoxvn by their 
melting pomt of 156-159°, then meltmg point on admixture with pme 
D-galactose of melting pomt 164°, their x-ray diffraction pattern, and 
then rotation ([a] ? == +79°) to be somewhat impure n-galactose The 
D-galactose xvas charactenzed by conversion m 76 per cent 3aeld to the 
o-tolyl hydrazone, the identity of xvhich xvas established by a mixed melting 
pomt test xxith an authentic sample Based on 96 per cent punty of the 
crude calcium salt, the isolation of 1 17 gm of galactose represented an 
85 per cent recovery of galactose 

Isolalion of Calcium Bromide Double Salt — The crude calcium salt from 
the fermentation (782 mg ) was dissolved m 0 51 ml of water contammg 
200 mg of CaBrj By seedmg xvith a fexv crystals of the double salt, 
obtamed through the courtesy of Dr Isbell, a heavy deposit of fine crystals 
■was obtamed Addition of 50 per cent alcohol and filtration yielded 
230 mg of xvhite crystals shoxvmg an x-ray pattern identical mth that of 
the synthetic product of Isbell The natural product showed a calcium 
content of 7 27 per cent, the calculated value for CafCiaHai 012)2 CaBr2 - 
6H2O IS 7 54 per cent 

Isolation of Pure Calcium Laclobionaie from Crude Fermentation Prod- 
uct — ^For purification, 22 5 gm of crude fermentation product were con- 
verted to the msoluble basic calcium salt (14) After treatment with carbon 
dioxide, removal of the calcium carbonate, and lyophilization, 14 7 gm of 
a xvhite powdei xvere obtained It gave good carbon and hydrogen figmes 
for calcium lactobionate, but the calcium value was 0 4 per cent high, 
owmg to morganic salts To remove these, the salt was dissolved m 45 
ml of xvater and 25 ml of absolute alcohol added dropwise until the solu- 
tion became cloudy The amorphous precipitate that slowly settled out 
was filtered off and the filtrate treated xvith more alcohol to precipitate a 
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gum Trituration with, alcohol converted this gum to a granular powder 
(12 7 gm ) This salt, however, was found by carbon, hydrogen, and 
ethoxjd determmations to retam a molecule of alcohol even after 2 hours 
drymg at 98° in vacuo This alcohol was removed by dissolving the salt 
m water and lyophihzing On analysis the results corresponded with 
those for calcium lactobionate after the compound was dned for 2 hours 
at 100° m vacuo [a] f = +25 1° (c 5 2, HjO) 

Analysis — CjiHiiOnCa (751 6) Calculated C 38 2, H 5 61, Ca 5 31 

Pound “ 38 1, “ 5 58, “ 5 38 

Our synthetic calcium lactobionate showed [a] ^ = +23 8° (c 5 9, H 2 O) 
We have been unable to find any report m the hterature on the rotation of 
this salt 


Studies on Maltose 

Preliminary Fermentations — In the same manner already described for 
lactose, eighteen strains of Pseudomonas were grown m 100 ml of culture 
hquor After 4 days the culture of P graveolens 14 had completely oxi- 
dized the maltose and was harvested On the 12th day, the P fragi 
culture showed no more reducmg value and was worked up The remam- 
mg cultures were harvested on the 13th day, although there was residual 
reducmg matenal present m all cases Of this group, nme strains (P 
putida 13, P mucidolens 16, P myxogenes 19, P mildenbergn 21, P ae- 
ruginosa (Vendrell stram) 23, P pavonacea 24, P fluorescens 334, P io- 
reopolis 550, and P syncyanea 652) gave good positive tests for mono- 
saccharides with Barfoed’s reagent, mdicatmg hydrolysis of the maltose 
Either glucose or 2-ketoglucomc acid gives positive reactions m this test 
The remaimng seven strains (P ovalis 8, P schuylkilliensis 9, P puiri- 
faciens 77, P synxantha 79, Chromobactenum lodinum 141, P chlororaphis 
560, and P saccharophila 628) failed to give positive Barfoed’s tests at 
time of harvest There was considerable soluble calcium m the cultures 
of P ovalts 8, P schuylLilliensis 9, P mucidolens 16, P myxogenes 19, 
Chromobactenum lodinum 141, P boreopohs 550, and P syncyanea 652 

As a result of this prebmmary work, Pseudomonas graieolens 14 and P 
fragi 25 were selected for further study m the rotatmg drums 

Drum Bun on Pseudomonas graveolens 14- — In the manner already de- 
scnbed for lactose, P graveolens 14 was grown on 3 liters of culture solution 
contammg 8 90 per cent of maltose After 50 hours the culture solution 
contamed less than 0 3 per cent of maltose and was harvested Lyopnm- 
zation of 100 ml of the filtered culture hquor gave a white powder wnic , 
after drymg to constant weight at 100° (3 5 hours at 1 mm ), wei^ 
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S 2b gm [a] = +105° (c 6 0, HjO) (Glattfeld and Hanke (15), +98 3°) 

It contained 2 63 per cent of maltose 

\niljMS— C ,11. Oi.C* (754 6) Calculated C 38 2, 11 5 61, Ca 5 31 

Found “ 38 0, “ 5 55, “ 4 83 

Based on the talciuin analysis, 91 per cent of this crude product was 
calcium nialtobionate, nhich icpresents a 77 pei cent yield for the fermen- 
tation Hydrolysis of S9 7 mg of the crude anhydious calcium salt gave 
41 0 mg of glucose compaied to a calculated value of 42 2 mg for calcium 
maltobionate contammg 2 63 pei cent maltose The hydrolysis condi- 
tions (0 2 N HCl foi 30 minutes at 15 pounds autoclave pressure) veie 
established with puie barium maltobionate ([a] ^ = +88 2°, c 6 1, HoO) 
prepared by the clcctiolytic method The accuracy of the method was 
±3 per cent 

Brucine Salt of Naliaal Mallobiomc Acid — ^The identity of the natuial 
maltobiomc acid was established by compaiison of its biucme salt with 
tJie corresponding salt of synthetic maltobiomc acid The synthetic 
bi-uciue salt was piepaied as follow's 2 gm of baiium maltobionate weie 
freed of bariimi with an ion exchange lesin and the lyophilized lesidue 
wanned on a steam bath with 10 ml of watei and 1 53 gm of brueme 
until a clear solution lesulted Aftei filtration and lyophilization, the 
remaimng 2 72 gm of white powder were dissolved m 2 7 ml of watei, and 
absolute alcohol (15 ml ) w'as added almost to the pomt of cloudiness 
Compact bars came dow n slow'ly and w'ere filtered off after 6 days Yield, 
960 mg Dried in an, the pioduct melted at 84-86° On analysis it 
proved to be a pentahydrate, as did a number of other samples prepared 
m the same w'ay 

Analysis— Cadl.sOisN, 5H.0 (842 8) Calculated C 49 9, H 6 94, N 3 32 

Found “ 50 0, “ 7 23, “ 3 42 (Dumas) 

Diymg at 56° to constant w'eight gave the anhydrous product of meltmg 
pomt 155-157° (evolution of gas) described by Glattfeld and Hanke (15) 

Analysis— CaiH.sOisN, (752 8) Calculated C 55 8, H 6 43, N 3 72 

Found “ 55 7, “ 6 18, “ 3 73 (Dumas) 

The bmcme salt of the natural maltobiomc acid was prepared in the 
manner just described for the synthetic salt 1 gm of the crude calcium 
salt gave 510 mg of crystallme bmcme salt Recrystallization of 460 mg 
of this product gave 240 mg of pure pentahydrate of meltmg piomt 85-87° 

Analysis— CsiH.sOitN, 5H.0 (842 8) Calculated C 49 9, H 6 94, N 3 32 

Found “ 50 2, “ 6 90, “ 3 41 (Dumas) 
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This material gave the same \-ray pattern as the synthetic pentahydrate 
On drymg to constant weight, the anhydrous product of melting point 
152-154° (evolution of gas) was obtamed Exposure of the diied sample 
to air ovemight resulted in the foimation of the pentahydiate (m p 
84-86°) 

Isolaiian of Calcium Maltohionate fi om Crude Fermentation Product — 
The crude fermentation product was converted to the msoluble basic 
calcium salt After treatment with carbon dioxide, removal of the cal- 
cium carbonate, and lyophilization, a product w as obtamed which gave a 
high value for calcium For further purification the salt was precipitated 
from winter by absolute alcohol Smce the product so obtamed retained 
alcohol veiy tenaciously, as m the case of calcium lactobionate, it was 
dissolved m water and the solution lyophilized The analytical figures 
on this product after drymg at 100° for 2 hours in vacuo were as follows 

Analysis— CjiHi.OuCa (751 6) Calculated C 3S 2, H 5 61, Ca 5 31 

Found " 38 1, “ 5 61, “ 5 58 

The lotation wms [q:]d^ = -f-103° (c 6 1, HoO) 

Drum Run on Pseudomonas fragi 25 — 3 liters of solution which contamed 
9 2 per cent maltose w’ere oxidized by P fragi 25 After 94 hours only 
0 2 per cent of maltose remamed and the culture w as harvested Glucose 
determmations on the culture liquor after hydrolysis showed 3 24 per cent 
glucose, which is equivalent to 6 2 per cent maltobiomc acid This amount 
of acid would require a calcium content of 0 33 per cent for the culture 
liquor, the value 0 47 per cent found mdicates the presence of lower molec- 
ular weight acids 


SmiMABY 

A stram of Pseudomonas graveolens has been found capable of oxidizmg 
lactose and maltose to the correspondmg bionic acids These acids were 
isolated as the calcium salts m yields of about 75 per cent and with a 
punty of the crude fermentation product exceeding 90 per cent This 
provides a clear cut example of the oxidation of reducmg disaccharides by 
a microorganism without prior hydrolysis 
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Ehrlich (1) concluded that colostrum from immune mice transmits 
specific antibodies that are absorbed by the nursling Howe (2) found 
that the blood serum of the new-born calf acquires specific protem fractions 
upon the mgestion of colostrum If the calf failed to receive colostrum, 
these fi actions did not immediately appear m the blood These observa- 
tions have been confirmed by the electrophoretic techmque (3, 4) 

Calves have been successfully raised from birth on colostrum-free rations 
m this laboratory (5) Because of the importance of colostrum to the 
calf (6), the question was raised as to the blood protein distribution m 
these animals as compared to the normal ammal which had received 
colostrum at birth from the dam Electrophoietic studies are reported 
here on the blood serum pioteins of noimal calves which had been given 
colostrum and of calves raised without leceivmg colostrum The effect on 
the blood serum proteins of feeding colostimm and a globulm isolated from 
colostrum to some of tliese animals at various ages is also included 

EXPERIMENTAL 

The expeiimental calves were acquired from Brucella abortus-iree herds, 
and only those calves which ivere knoivn not to have received colostrum 
weie used for experiment To insure this, the calves vere removed fiom 
their dams immediately folio wmg partuiition and fed the experimental 
ration as soon as possible (inthin 12 hours) The calves were fed skim 
milk (12 poimds of milk pei 100 pounds of bod}”- weight), 25,000 lu of 
vitamm A, and 250 mg of ascoibic acid daily When colostium was 
fed, it was taken fiom the dam whenever feasible and fed to the calf at 
the rate of 5 pounds of colostium per 100 pounds of calf On this diet, 

• Published with the approval of the Director of the Wisconsin Agricultural Exper- 
iment Station This investigation was supported in part by a grant from Merck and 
Company, Inc , Rahway, New Jersey The authors are indebted to Professor J W 
Williams of the Department of Physical Chemistry, Umversity of Wisconsin, for 
advice and assistance and for providing facilities for part of this study 
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difficulty from diarrhea was occasionally encountered When this condi- 
tion was accompamed by an mcrease m body temperature, sulfathiazole was 
a dmini stered at a level of 4 gm the 1st d^y, and thereafter as mdicated by 
the condition of the calf When colostrum was fed, the calves were bled 
immediately piior to and 24 hours aftei the ingestion of colostrum 

Blood samples were taken from the jugular vein, allowed to clot at 
room temperature, and refrigeiated at 4° for 12 hours, when the serum was 
remo\ed by centrifugation The electrophoretic analyses were earned 
out at pH 8 6 and an lomc strength of 0 088 m baibituiate-citrate buffer 
(7) The samples were dialyzed against two changes of the buffei for a 
total of 48 hours at 0° The electrophoretic analyses were conducted at a 
potential gradient of 6 volts per cm at a temperature of 1° m a smgle 
section cell, with a modified Tiselius apparatus The duration of the 
expeiunent w'as usually 2 hours A schlieren cylmdrical lens m conjunc- 
tion with a diagonal kmfe edge was used to photogi aph the boundary The 
areas under the curves were measured with a planimeter from an enlarged 
tracmg of the photograph Measurements aie recorded here for the 
descending side only The designations used by Tisehus were employed 
to describe the various protem fractions 

Results 

About 90 pei cent of the Holstein calves were successfully raised on this 
ration, as leported previously (5) An abnormally soft feces was encoun- 
tered -with calves fed the skim milk diet Furtheimoie, the gam m body 
weight w'as less m comparison to calves fed colostrum and whole milk 
Because of seasonal and mdividual variation m the calves, it is difficult to 
compaie the general health wuth that of more normal animals 

A typical electrophoresis pattern of the seimm of a new-born calf before 
and 24 houis after the mgestion of colostrum is presented m Fig 1 It is 
recognized that the several fi actions are complex and, m this study, no 
attempt has been made to secure further resolution In all patterns of the 
serum from new-born calves, there was a small but consistent amQunt 
(about 2 5 per cent of the total protems) of protein with a mobility between 
—28 and —3 5 X sq cm per volt per second, which area is usually 
occupied by the plasma fibnnogen Smce this area was masked by the 
broad 7-globulm peak, it was aibitrarily included as 7-globulm 

In calies fed the skim milk diet only two characteiistic changes were 
evident (Table I) The imtially low serum 7-globulm fraction slowly 
mcreased over the 8 week period studied Concurrent with this mcrease, 
there was a decrease m the imtiaUy high a-globulm fraction 
globulm and albumin fractions show^ed no consistent general change The 
mobilities of the various protems as calculated m refeience to the salt 
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boundary appeared to decrease slightly duiing the period of observation 
The significance of this hnding is not readily apparent Jameson et al 



Fig 1 Electrophoresis patterns of new-born calf serum prior to (A), and 24 hours 
after (B), the ingestion of colSstrum The experiments were conducted for 120 min- 
utesjin a barbiturate citrate buffer at pH S 6 


Table I 

Distribution and Mobility of Blood Serum Proteins of Calves Fed Skim Milk 


No of 1 
aoalyses | 

Age 

Albumin 

a Globulin 

^ Globulin 

7 Globulin 



per cent* 


per cent 


per cent 

fi 

per cent 

M 

15 

Birth 

45 4 

8 2 

37 6 

6 1 

14 9 

4 2 

2 8 

3 1 

1 

1 wk 

45 5 

8 5 

35 0 

6 3 

15 1 

4 3 

4 5 

2 9 

15 

2 wks 

47 

8 2 

30 2 

6 1 

17 9 

4 1 

4 8 

2 6 

2 

3 “ 

50 6 

8 1 

30 7 

6 0 

12 8 

4 1 

5 9 

2 6 

3 

4 “ 

46 1 

7 9 

30 5 

5 9 

14 0 

4 0 

9 2 

2 5 

3 

6 “ 

48 9 

7 8 

26 7 

5 8 

13 8 

4 1 

10 4 

2 3 

3 

8 “ 

45 9 

7 8 

22 9 

5 8 

13 6 

4 0 

18 0 

2 4 

1 

1 2 yrs t 

47 4 

7 9 

16 9 

6 1 

10 8 

3 9 

24 6 

2 5 


* The area of the salt boundary was neglected in these calculations 
t Calculated from the salt boundary and expressed in sq cm per volt per second 
X 10-5 


t Normal heifer 

(3) have reported a variation in mobilities of the serum proteins of calves 
fed colostrum 

Colostrum and a globulm isolated from colostrum were also fed to calves 
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of various ages which had been laised on skim milk In no case was there 
an mcrease m the 7-globulm fraction (Table II) upon the ingestion of 
colostrum after the calf was moie than 24 hours of age A -water-soluble 
globulm from colostrum was isolated accoidmg to the method of Smith 
(8), dissol\ed m skun milk at 38°, and gnen to calves at ages and at levels 
indicated in Table II The resultmg mcrease m the serum 7-globulms was 


Table II 


Blood Serum Protein Changes in Calves Fed Colostrum or Colostrum Pseudoglobulin 


Treatment 

Age 

CaU 

No 

Albu 

mm 

a. Glob- 
ulm 

j3 Glob- 
ulm 

y Glob- 
ulm 





per cent 

per cent 

per cent 

per cent 


Colostrum 

New-born 

77 

37 8 

28 9 

11 1 

22 2 

After 



S8 

51 4 

40 2 

6 7 

1 5 

Before 




40 8 

32 

7 6 

19 6 

After 



89 

46 5 

41 8 

10 6 

1 1 

Before 




35 7 

27 9 

12 2 

24 0 

After 


24 brs 

90 

48 5 

41 

10 9 

1 2 

Before 




41 2 

35 7 

12 2 

10 7 

After 



87 

46 6 

30 9 

12 7 

9 7 

(( 


42 “ 

85 

46 2 

36 2 

15 0 

2 5 





43 0 

36 1 

14 7. 

6 1 

(( * 



86 

44 0 

35 7 

17 5 

2 7 

tt 


1 wk 

76 

45 5 

35 0 

15 1 

4 5 

Beforef 




48 

35 2 

12 7 

4 2 

Afterf 


3 wks 

74 

i 50 3 

29 7 

12 4 

7 4 

Before 




52 7 

26 4 

15 3 

5 6 

After 

Colostrum 

New-born 

102 

45 3 

38 8 

12 6 

3 4 

Before 40 gm glob- 

globulin 







ulin 




45 0 

36 8 

11 3 

7 6 

After 



51 

43 5 

37 8 

13 3 

4 8 

Before 70 gm glob- 








ulin 




39 

30 7 

18 7 

11 5 

After 


3 wks 

47 

53 3 

24 S 

14 2 

7 8 

Before 70 gm glob- 








ulm 




51 6 

25 7 

16 4 

6 4 

After 


* 2 -weeks after treatment 
t Same colostrum as was fed to Calf 77 


clearly etudent m the new-born calves In contrast no appreciable differ- 
ence was noted m the blood sei-um proteins aftei the administration of /O 
gm of this material to an older animal 


DISCUSSION ' 

Difficulty was encountered by early w orkers (6) in raismg calves w ithout 
feedin" them colostrum Oicutt and Howe (9) demonstrated * ^ ^ 
mcreare m certam blood serum globulins and antibody titer occuned 
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the ingestion of colostrum by new-born calves Smith (10) fed immune 
serum to t>\o calves, 2|- and 18 days old respectively, and found no mcrease 
in serum agglutinms or protective antibodies followmg the ingestion of 
this material With calves moie than 24 hours of age, we observed no 
effect, as measured by electrophoiesis, on the serum proteins, from the 
mgestion of colostrum 

Pedersen (11) has reported the isolation of a globulm “fetum” from 
bovine fetal blood This globulin w as found present in high concentrations 
m the serum of new-born calves, although in the serum of the adult animal 
\erj’' little fetum was observed Pedersen concluded that fetum was 
probably an a-globulm Our results are m agreement with this possibility 
In the calves raised without colostrum, it is mterestmg to note the decrease 
m the a-globulms of the serum and concurrent with this an appearance of 
protems hav^mg a mobility m the y-globulm range A possible relationship 
between these two processes is thereby suggested 

SUjniABY 

Electrophoretic studies have been made on the blood seium protems 
of colostrum-free calves and of calves at various ages fed colostrum or a 
colostrum pseudoglobulm preparation 
There was an immediate increase in the blood serum y-globvlms of 
calves following the mgestion of colostium or the colostrum pseudoglobulm 
durmg the first 24 hours of life If these materials were fed to calves after 
they had reached 24 houi-s of age, theie was no measurable mcrease m these 
serum protems 

When calves w^ere raised w ithout access to colostrum, the various blood 
serum protem fractions did not approach normal values until the ammals 
were about 8 weeks of age Durmg this period there was a gradual mcrease 
m the serum y-globulins and a concurrent decrease m the serum a-globulms 
m the blood of these calves 
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Smith (1) has reported the preparation of pseudo- and euglobuhns from 
bo\ me colostrum, emploj mg ammonium sulfate as a precipitatmg agent 
Smee these protems are lecogni^ed to be important m the diet of the 
j^oung calf, u e hat e isolated them accordmg to the method of Smith and 
have deteimmed the homogeneity of the products by ultracentrifugation 
and electrophoresis The ammo acid composition of the pseudoglobuhn 
has been deteimmed The results of these studies are here reported 

t 

Ammo Acid Assays 

The piotem was hydrolyzed in 2 n HCl for 10 hours at 15 pounds pres- 
sure, except for the tryptophan determmation w'hen the procedure of 
Greenhut et al (2) was employed Phenylalanme, leueme, isoleucme, 
valme, and glutamic acid were deteimmed by techniques similar to those 
prenously described (3), except for a slight modification of the media 
Prolme, aigmme, methionine, thieonme, serme, tyrosme, and aspartic 
acid were deteimmed by the method of Henderson and Snell (4) In all 
determmations, the final volume was 2 ml per tube The organisms used 
for each assay w ere as follow s Lactobacillus arabinosus foi valme, leueme, 
isoleucme, phenylalanme, tryptophan, and glutamic acid, Leuconostoc 
mesmleroides P-60, for prolme, histidme, tyrosme, and aspartic acid. 
Streptococcus faecahs for methionme, threomne, and argmme, Lactobacillus 
delbrueckii 3 foi lysine 

Results 

The watei-soluble globulm was separated from the colostrum accoidmg 
to the procedure outlined by Smith (1), except that two additional pie- 
cipitations of the protem with ammomum sulfate were employed Sedi- 

* Published with the approval of the Director of the Wisconsin Agricultural Exper- 
iment Station This investigation was supported in part by a grant from Merck and 
Company, Inc , Rahway, New Jersey The authors are indebted to Professor J W 
Williams of the Department of Physical Chemistry, University of Wisconsin, for 
advice and assistance and for providing facilities for part of this study 
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mentation analyses ere performed m a Si edberg oil turbme ultracentnfuge 
ivith a rotor speed of 50,400 E p m The boimdary was photographed wth 
the aid of a cyhndrical lens schheren method m conjunction with a diagonal 
kmfe edge With 0 15 m sodium chloride at pH 7 0 and a protem concen- 
tration of 1 and 2 per cent, the protem. sedimented ivith a single boundary 
m the ultracentrifuge (Fig 1) with a value of S 20 = 7 Svedberg umts 
Smith (5) reported sedimentation experiments on a colostrum pseudoglobu- 
Im which showed the presence of about 12 per cent of material with sedi- 
mentation properties ddferent from those of the pimcipal component 



Fig 1 Sedimentation analysis for the colostrum pseudoglobulin Photographs 
were taken at 30 minute intervals and are plotted with reference to the initial base 
line ' 



Fig 2 Electrophoresis analysis for colostrum pseudoglobuhn The analysis was 
made in a barbiturate-citrate buffer at pH 8 6 The descending boundary was photo 
graphed at 120 minutes 

Electrophoretic analyses v ere carried out m a barbiturate-citrate buffer 
at pH 8 6 vith an lomc strength of 0 088 The protem moved as a single 
boundary (Fig 2) The fact that the boundary spread considerably faster 
than Mould be expected from diffusion alone indicates some variation in 
mobihty among the molecules ^ The mobihty w as calculated m reference 
to the salt boundary and m as found to be —2 5 X 10"^ sq cm per volt per 
second, m agreement with the value reported by Snuth (1) 

The ammo acid values given m Table I represent averages of many 

> Electrophoresis-spreading experiments at the isoelectric point (pH 5 8) by E t 
\lbert> and E Anderson indicated a standard denation in the mobilities of 0 60 X 
lo“‘ sq cm per volt per second (forthconung publication) 
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deteimmitions made on so\eial hydrolysates Smith et al (6) have 
reported results foi leucmc, \alme, phenylalanine, and tryptophan on a 
colostrum pseudoglobulm Our results aie m good agreement with their 
values, except m the case of tiyptophan Brand (7) has reported ammo 
acid anal 3 'ses for a purified human y-globulm Smith (6) suggested a 
resemblance m ammo atid content of human y-globulin with colostrum 
pseudoglobulm i\ ith respect to the four ammo acids he studied From 
the figures m Table I, it is apparent that theie aie differences m the values 
for isoleucme, prolme, and Ij^sme The lesults for the other anuno acids 


Table I 

Aintno -Icid Values of Colostrum Globulin and Purified Human y-Globulin 



Colostrum globulm 

Human y globulin* 

Valine 

S 7t it 0 2 

9 7 

Leucine 

8 5 ±02 

9 3 

Isoleucme 

4 2 ±02 

2 7 

Prolme 

10 0 ±03 

8 1 

Phenylalamne 

3 9 ± 0 2 

4 6 

Methiomne 

1 3 ± 0 2 

1 06 

Tryptophan 

3 2 ± 0 3 

2 86 

Argimno 

5 6 ±02 

4 8 

Histidine 

2 3 ±01 

2 5 

Lysme 

6 1 ±02 

8 1 

Aspartic acid 

9 4 ±02 

8 8 

Glutamic “ 

12 3 ±04 

11 8 

Threonine 

9 0 ±02 

8 4 

Tyrosine 

6 7 ±02 

6 75 

Nitrogen 

15 9 

16 03 

Sulfur , 

1 1 

1 02 


* Quoted from Brand (7) 
t Gm per 100 gm of anhydrous protein 


determmed are, howevei , somewhat simiJai We found that om globulm, 
like human 'y-globulm, was high m threonine and tyrosme Repeated 
microbiological assays with several different oiganisms have shown this 
globulin to be high also m serme However, a definite value for serme 
cannot be reported at this time as there stiU is considerable variability m 
the assay 


DISCUSSION 

The pseudoglobulm appeals to be similar to the slow moving globulms 
which the young calf acquires from colostrum New-born cal\ es deficient 
in the slow moving y-globulms have been fed orally with normal skim milk 
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and different amounts of the ater-soluble globuhn (5) Administration 
of colostrum or skim milk plus the globuhn causes an appreciable increase 
m the 7 -globulm fraction of the serum of the new-born calf n ithm 24 hours 
All preparations of the globuhn, m agreement with the observations of 
Smith, have shown evidence for the presence of residual carbohydrate 
matenal Repeated precipitation of the globuhn from aqueous solution 
by various agents has always resulted m the carbohydrate appearmg in 
the precipitate 


SUMMARY 

A watei -soluble globulm has been isolated from bovme colostrum 
Ammo acid analyses mdicate that this protem is similar m some respects 
to human 7 -globulm, howevei, isoleucme and prohne values of the colos- 
tium globulm vere markedly higher while the lysine value ivas lower than 
the correspondmg values reported for human 7 -globulin 

The protem appeared homogeneous to sedimentation and nugrated as a 
smgle boundaij’’ m the electrophoresis cell under the conditions studied 
The sedmientation constant w as found to be = 7 Svedberg umts at pH 7 0, 
and the mobility — 2 5 sq cm per volt per second at pH 8 6 
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During the iiuestigation of the ammo acid composition of meat m the 
authors’ laboratory, it ivas found that samples of the same kmd of meat 
taken from different individual animals always had very nearly the same 
content of arginine, lysine, tryptophan, methionme, threonme, phenyl- 
alanine, valine, leucine, and isoleueme It was also found that the protem 
m a given type of tissue had practically the same content of these ammo 
acids, whether it came from beef, poik, oi lamb This latter finding sug- 
gests that the composition of the protem tissue stmeture is essentially the 
same m the three species of animals Such a concept is m agreement w ith 
the findings of Beach, Munks, and Robinson (1) The similarity m the 
ammo acid composition of animal muscle tissues has also been noted by 
Block and Bolling (2) 

In the initial phases of the present investigation, it became apparent 
that there was a very significant difference m the histidine content of 
beef and lamb muscle tissue Likewise, there was much less umfoimity 
in the histidine content of different samples of the same kmd of muscle 
tissue than there had been in the case of the ammo acids previously studied 
Findings such as these might be expected if a substantial part of the histi- 
dine content of muscle tissue were in some form other than protem 

At least four chemical compounds related to histidine have been found 
m muscle tissue Ergothioneme and histamine are present m too small 
ciuantities to be of significance m relation to this problem Camosme and 
anserme are present in larger quantities The relationship of these two 
compounds to the determination of the total histidme content of meat 
constitutes a pait of the present investigation 

A microbiological method for the determination of histidme m meat and 
in other food materials is presented herewith, Streptococcus faecahs R is 
used as the test organism 


EXPERIMENTAL 

Preparation and Hydrolysis of Meat Samples — ^The dehydrated and 
defatted samples previously prepared for studies on the methiomne content 
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of meat (3) A^eie used The ratio of the dried solids to the fresh meat was 
kno-wn fi om nitrogen determmations on the fresh and dehydrated materials 
In all cases where the extracted fat contamed as much as 1 per cent of the 
total mtrogen, this Avas taken mto consideration in calculatmg the equiva- 
lence values 

Except Avheie otherwise stated, hydiolysis of the dehydrated samples 
AAas effected by refluxmg 0 5 gm of material Avith 100 ml of 6 n hydio- 
chloric acid for 24 houis Most of the hydrochloric acid was distilled oft 
at reduced pressure and the solution neutralized wuth sodium hydroxide 
Histidme detenmnations w^eie also carried out on hydrolysates prepared 
m the same wmy directly from fresh meat, 2 5 to 3 0 gm samples of finely 
ground meat bemg taken In all cases, obvious fat and gristle were 
removed 

When the tA\o procedures were applied to several samples of meat, the 
difference m the histidme values was well withm the experimental error of 
the imciobiological assay method 

Determxnaiton of Histidine with Sti eptococcus faecalis R — ^The medium for 
the deteimmation of histidme with S faecalis R is given m Table I The 
composition of the salt solutions is as follows Salts 1, 25 gm of K^HPOi, 
25 gm of KHjPO^, 250 ml of water. Salts 2, 10 gm of MgSOi 7EiO, 
0 5 gm of NaCl, 0 5 gm of iVInSOi 4 H 20 , 250 nil of water, Salts 3, 0 5 gm 
of FeS 04 7 H 2 O, 250 ml of water The composition of the medium as 
mdicated ivas adopted after cntical comparison of variously modified 
media Consistently good results were obtamed when this medium was 
used for both histidme and thieonme determmations with 3 faecalis R 
(Foi the determmation of threonme, the threonme m the medium is 
replaced bj’’ an equal weight of histidme ) 

The use of sodium succmate as a buffer m place of sodium acetate results 
m greater acid production by this orgamsm, piobably because succmate 
bufiei-s the medium m a range nearer to neutiahty It has been shown by 
Gmrard, Snell, and Wilhams (4) that acetate is an important nutrient for 
a number of lactic acid bactena, for this reason, acetate should always be 
included m the medium 

Stock cultures of the organism are carried on the tryptone, peptone, 
tomato ]mce, and agar pievuously described (5) Sohd stabs are made at 
monthly mtervals Weekly transfers are made from the solid medium 
to a hqmd medium of the same composition, and serial transfers are made 
daily throughout the week on the hqmd medium for the preparation of 
mocula Cultures for mocula are mcubated 18 hours and then refrigerated 
a few hours until used For the preparation of mocula, the bacteria am 
separated from the hqmd culture by centrifugation, ivashed twice with 
^erile sahne, and finally diluted with sterile sahne until turbidity is just 
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ixjrcoptiblo 1 drop of the veiy dilute suspension is used to inoculate 
each assay tube 

ihe assay is earned out as follows Graded amounts of pure L-histidine 
aie added to a senes of IS mm tubes which are to be used as standaids 
The lange of the standards is from 0 to 50 “y of histidme at 5 7 intervals 
.Vsaay tubes arc similarly piepaied by the addition of giaded amounts of 
neutral hydrolysates Each assay is carried out at five different test 


Table I 

Medium, for Delermination of Hialidtne with Streptococcus faecahs R* 



cm 


ms 

Glucose 

40 

DL-Alanine 

400 

Succimc acid 

20 

L-Arginine 

400 

Sodium acetate (anhydrous) 

6 

DL-Aspartic acid 

800 


mg 

L-Cyatine 

400 

Vdemne sulfate 

10 

L-Glutamio acid 

400 

Guamne 

10 

Glycine 

400 

Uracil 

10 

DL-Iaoleucine 

400 

Xanthine 

10 

DL-Leucine 

400 

Riboflavin 

1 

L-Lysme 

400 

Niacin 

2 

DL-Methionme 

400 

Pyndoxamine 

0 8 

DL-Phenylalanine 

400 

Thiamine chloride 

! 0 4 

L-Proline 

400 

Calcium pantothenate 

0 4 

DL-Serine 

400 


y 

PL-Threomne 

400 

Biotin 

2 

DL-Tryptophan 

400 

p-Aminobenzoic acid 

2 

DL-Tyrosine 

400 

Folic acid (synthetic) 

10 

PL-Valine 

400 


ml 


* 

Salts 1 

10 



“ 2 

10 



“ 3 

10 




Add 12 gm of NaOH pellets and finish neutralizing with NaOH solution, dilute 
to 1 liter 


• Medium for 200 cultures of 10 ml final volume (5 ml of above medium per 
culture) 

levels The standard tubes as well as the assay tubes aie all prepared m 
dupheate 5 ml of the medium aie added to each tube followed by water 
to make a total volume of 10 ml The contents of the tubes are then 
nuxed by shakmg Unless this is done before the tubes are autoclaved, 
irregularities m the results are likely to occur The tubes are covered 'siath 
aluminum caps, sterihzed at 15 pounds pressure foi 10 mmutes, cooled, 
inoculated, and meubated m a constant tempeiature water bath at 35° foi 
72 hours After mcubation, the bacteria are centrifuged and 5 ml aliquots 
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aie titiated i\ith 0 1 n sodium hydrovide A t3^ical standard curve is 
shoM-n m Fig 1 

Deterimnahon of Htsiidtne hy Other Methods — The medium used for the 
determmation of histidme with Leuconosioc mesenteroides P-60 was the 
same as that described by Dunn et al (6), except that norvalme, norleucme, 
and hydroxj'prolme were omitted The general procedure for conducting 
the tests and for handlmg the bacteria was the same as that described in 
the present paper for the determmation of histidme with Streptococcus 
faecahs R, wnth the exception that the mcubation peiiod was 4 days, 



0 10 20 30 40 50 

L-HISTIOINE— GAMMA/ TUBE 


Fig 1 Standard curve for the determination of histidme with Streplocotcxts 
faecahs R Titration values are for 5 ml aliquots from 10 ml cultures 

Histidme w as determined by the use of Lactobacillus fei nietih 36, ac- 
cording to the procedure of Dunn, Shankman, and Camien (7) 

Histidme w’as determined chemically (Pauly reaction) as described by 
Macpherson (8), save that the sulfanilic acid w'as dissolved m 5 per cent, 
instead of 10 per cent, hydrochloric acid Twice the recommended amount 
of the sulfanilic acid solution was used m each test and, accordmgly, 
double the amount of sulfanilic acid w^as employed, although the total 
amount of hydrochloric acid w as the same as that used by Macpherson 
Until this modification of the procedure was made, the values obtained for 
the histidme content of the copper anserme preparations did not agree at 

different test levels , u 

Fractionation of Meat Samples— Fresh meat was finely ground by tne 
use of the Latapie grinder Samples w ere taken for mtrogen determination 
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and for direct hjdrobsis A A\cighcd portion (approximately 100 gm ) 
^\as stirred mechauitallj’- \\ith 2 \olumes of water and the protem was 
precipitated by the addition of 1 volumes of acetone The precipitate 
vas remo\ ed by centiifiignig, dried tii vacuo at 80°, and giound m a hammer 
mill The supernatant liquid vas filtered, concentiated at reduced pres- 
sure to remove acetone, adjusted to pH 4 with hydrochloric acid, and 
extracted with Skell 3 ^solve B The aqueous phase was concentrated to 
drjmess in vacuo and the residue was taken up m \vatei, neutralized, and 
diluted to a suitable volume ^kliquots were taken for mtrogen deter- 
mmation, diiect analysis, and hydrolysis 
Preparation of Anserine — Copper anserine was prepared from rabbit- 
muscle tissue, as described by Schenck el al (9) 


Table II 

Effect of Conditions of Hydrolysis on Ltberation of Histidine from Meat 



Time of 
hydrolysis 

L-Histidine found 
m crude protein* 

Refluxed with 6 v HCl 

hrs 

4 1 

per cent 

3 87 

<< ti 0 (< ti 

8 1 

3 87 

** tt 0 4* 44 

12 

3 88 

*t 44 0 44 44 

16 

3 90 

1* ■< 0 « « 

24 

4 00 

Autoclaved at 15 Iba , 3 N HCl 

2 

3 89 

“ “ 15 “ , 3 “ “ 

4 

4 03 

“ " 15 “ , 3 “ “ 

6 

4 00 


* This IS equivalent to calculating to 16 per cent protein 


Results 

Unless otherwise mdicated, the data were obtained by the use of the 
histidine method described above in which Streptococcus faecalts R is the 
test organism 

The liberation of histidine from meat samples by hydrolysis with hydro- 
chloric acid under various conditions was studied as a prelimmary to this 
investigation The data m Table II show that histidme is very readily 
hberated from meat samples and that it is not destroyed by prolonged 
hydrolysis Values close to the maximum were obtamed after autoclavmg 
the samples for 2 hours with 3 n hydrochloric acid and also aftei refluxing 
them for 4 hours with 6 n hydrochloric acid 

Table III shows the results of recovery experiments m which pure histi- 
dine was added to hydrolysates of protems and meat samples The 
recoveries which ranged from 96 to 100 per cent were considered to be 
satisfactory 






■238 


HISTIDINE CONTENT OP MEAT 


The histidine content of several pioteins is given in Table IV The 
'value of 3 04 per cent obtained for the histidine content of casein is in 
satisfactory agreement with the values obtamed by other workers who 
have used microbiological methods Guirard, Snell, and Williams (10) 
obtamed a value of 3 2 per cent (moisture-free basis) by the use of both 
Leuconostoc inesenteroides and Lactobacillus delbrueckn Dunn and 
IRockland (11) came to the conclusion that the histidme content of casern 


Table III 

■Recovery of Histidine Added to Hydrolysates* (0 SBO Mg of n-Histidine Was Added 

to Each Hydrolysate) 


Hydrolysate 

L-Histidme 

Recovery of added 
histidme 

PrescDt in 
hydrolysate 

Total found 


mi 


^er cent 

Bovine serum albumin 

0 155 

0 405 

100 0 

Bibrin 

0 207 

0 457 

100 0 

Beef tongue 

0 099 

0 339 

96 0 

“ spleen 

0 096 

0 343 

98 8 

“ liver 

0 208 

0 449 

96 4 

Lambjchop 

0 128 

0 372 

97 6 


* The figures are averages of values obtamed at five different test levels 


Table IV 

Histidine Content of Some Proteins 


Protein 

Nitrogen content* 



per cent 

per cent 

Casein (Difco isoelectric) 

15 56 

3 04 

Fibrin (Wilson Laboratories) 

16 07 

2 32 

Bovine serum albumin (Armour) 

16 15 

3 38 

Zein (commercial) 

15 20 

1 22 


* Moisture-free, ash-free basis 


IS 3 00 per cent (16 per cent nitrogen) Stokes et al (12) reported a value 
of 2 8 per cent (oven-dried casern) On the other hand, the values obtained 
for the histidine content of casern by chemical methods are, m general, 
consideiably lower (see Vickery and Wmternitz (13)) 

Average values for the histidme content of different kmds of meat are 
given m Table V It will be noted that the histidine content of the protein 
m kidney, heart, hver, and tongue from beef, pork, and lamb was very 
nearly the same A substantially higher histidme content was found in 
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those kinds of meat wliicli consist piiraaiily oi skeletal muscle tissue 
Ihe St itistically significant dilTcience between the histidme content of 
beef loin and lamb chop is of paiticulai mteiest In contrast to this 
diftercncc, dati shoeing the similaiity of these two kinds of meat with 
respect to their content of a numbei of othei ammo acids are given in 
Table VI The figuies in Table VI aie aveiages ot values obtained by 
the aual 3 ’sis of throe oi moic samples which weie known to have been taken 

Table V 


Histidine Content of Meat 


Kiod of tissue 

No of 
samples 

Average 

protem 

coateot 

L Histidme in fresh tissue 

L Histidme 
m crude 
protem, t 
average 
values 

Mmi 

mum 

Maxi 

mum 

Average* 



per unt 

per cent 

per cent 

per cent 

per cent 

Beef loin 

10 

21 62 

0 74 

0 91 

0 81 ± 0 018 

3 74 

“ bnaket 

3 

20 48 

0 75 

0 90 

0 84 

4 10 

Pork loin 

8 

20 46 

0 67 

0 96 

0 77 ± 0 032 

3 76 

Lamb chop 

7 

20 10 

0 58 

0 69 

0 63 ± 0 013 

3 14 

Beef liver 

4 

18 88 

0 49 

0 52 

0 50 

2 64 

Pork ” 

3 

19 48 

0 49 

0 58 

0 54 

2 66 

Lamb “ 

3 

21 31 

0 55 

0 CO 

0 58 

2 72 

Beef tongue 

3 

17 13 

0 43 

0 45 

0 44 

2 57 

Pork “ 

3 

15 91 

0 42 

0 46 

0 44 

2 76 

Beef heart 

7 

17 77 

0 43 

0 50 

0 46, ± 0 010 

2 59 

Pork “ 

3 

16 94 

0 42 

0 46 

0 44* 

2 60 

Lamb “ 

3 

16 43 

0 42 

0 43 

0 43 

2 61 

Beef kidney 

G 

17 52 

0 41 

0 50 

0 45 ± 0 016 

2 56 

Pork “ 

3 

16 53 

0 39 

0 41 

0 40 

2 58 

Lamb “ 

3 

15 68 

0 40 

0 41 

0 41 

2 61 

Beef brain 

3 

10 58 

0 27 

0 29 

0 28 

2 65 

“ thymus 

3 

15 93 

0 27 

0 29 

0 28 

1 76 

“ spleen 

2 

18 45 

0 45 

0 49 

0 47 

2 55 


* Average values zt standard error 

t This is equivalent to calculating to 16 per cent nitrogen 


from different animals Foi details of the methionme studies see L 5 anan 
et al (3) Details of the determmation of the other ami n o acids wall be 
given m a later publication 

In order to obtain information wath lespect to the amount of histidine 
contained in animal tissues w'hich is not combmed in the form of protem, 
samples of finely giound fresh meat w^ere suspended m water and the protem 
was precipitated with acetone The precipitated protein and the acetone- 
soluble material were analyzed for histidme, the lattei both before and 
aftei hydrolysis 
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Fractionation of skeletal muscle tissues m this manner gave acetone- 
soluble fractions which contained relatively large amounts of histidine 
In the case of Pork Loin 1, this amounted to a little more than one-third 
of the total histidme content of the origmal sample As compared to beef 
and pork, rat muscle tissue ga.ve an acetone-soluble fraction which con- 
tained much less histidme The corresponding values for samples of 
lamb chop w ere mtermediate In Table VTI, the histidme values for the 
acetone-soluble fractions are those obtained after hydrolysis 
Carnosme and anserme are typical components of skeletal muscle tissue, 
only small amounts of these compounds havmg been found m the other 
organs Skeletal muscle tissue from different species vanes m the relative 
proportion of the two compounds which they contam Carnosme, which 

Table VI 


Amtno Acid Composition of Muscle Tissue Expressed As Per Cent of 

Crude Protein 


Ammo acid 

Beef lorn 

Lamp chop 

L-Vsline 

5 29 

5 40 

L-Isoleuoine 

5 81 

5 74 

L-Threonme ' 

4 50 

4 75 

L-Phenylalanine 

4 23 

4 33 

L-Argnune 

6 22 

6 19 

L-Lyame 

9 07 

8 75 

L-Mettuonine 

2 47 

2 41 

L-Tryptophan 

1 25 

1 23 

L-Histidine 

3 74 

3 14 


yields natural n-histidme on hydrolysis, predommates in beef and pork, 
while rat muscle tissue contains relatively large amounts of anserme but 
very little carnosme (14-17) On hydrolysis, anserme yields methyl- 
histidme, it is theiefore important to know w'bether methylhistidine 
behaves like histidme with the microorgamsms generally used for the 
assay of this ammo acid 

Anserme was accordmgly prepared from rabbit muscle tissue After 
three recrystalhzations of the copper derivative, the product possessed a 
satisfactory nitiogen and copper content 

CjoHisNiOjCuO Calculated, N 17 5, Cu 19 8, found, N 17 1, Cu 19 9 

Copper wms removed w ith hydrogen sulfide and the sample was hydrolyzed 
with hydrochloric acid and analyzed for histidme by several different 
methods Because of their sunilar chemical nature, anserme preparations 
are likely to contam small amounts of carnosme (14) The amount of 
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L-liis(idinc present in the lijdiolj^sate from this souice was deteimined by 
tlie Paul}’' reaction (IS), since niethylhistidine does not pioduce a color 
A\ith diazotized sulfanilic acid (14, 19) 


Tvble VII 

Hialidinc Distrtbulion in Meat 


Meat sample 

L Histidine from lOO gm fresh meat 

L Histidme m crude 
protem* 

Original 

sample 

Fraction 
prccipt 
tated by 
acetone 

Fraction 

soluble 

ID 60% 

acetone 

Total ac 
counted 
for 

Original 

sample 

Precipi 
tated by 
acetone 

Soluble 
in 60% 
acetone 



mg 

mg 

per cent 

per cent 

per cent 

per cent 

Beef Loin 1 


567 

194 9 

97 6 

3 74 

2 97 

10 60 

it If o 


598 

192 7 

99 3 

3 68 

3 00 

11 71 

" *' 3 


519 

176 7 

95 5 

3 65 

2 75 

8 73 

Pork “ 1 

960 

620 

328 8 

98 8 

4 36 

3 07 

18 70 

ti ti o 

6S-i 

519 

170 0 


3 43 

3 86 

9 66 

« << 3 

754 

563 

166 2 

96 7 

3 56 

2 89 

9 18 

Lamb Chop 1 


516 

139 3 

95 0 

3 24 

2 66 

7 53 

ft ft O 


505 

96 9 

95 2 

3 11 

2 73 

5 13 

Rat muscle 


461 

36 3 

98 9 

2 30 

2 28 

2 16 

Beef liver 

502 

481 

9 8 

97 8 

2 47 

2 49 

0 98 

“ kidney 

398 

404 

11 0 

104 3 

2 37 

2 60 

0 84 

“ heart 

447 

443 

7 5 

100 8 

2 44 

2 60 

0 60 

" brain 

264 

254 

7 0 



2 63 

0 93 


' This 13 equivalent to calculating to 16 per cent nitrogen 


Tibi-b VIII 


Histidine Content of Hydrolyzed Anserine Preparation As Determined by 

Different Methods 


Analytical method i 

Histidme found* 

Chemical (Pauly reaction) 

per cent 

1 62 

Microbiological 

Leuconostoc mesenteroides P-60 used as test organism 

1 66, 1 63 

Streptococcus faecalis H. “ “ “ “ 

2 10, 2 15 

Lactobacillus fermenti 36 “ " “ “ 

1 67 


* Values e\pressed as per cent of histidine in copper anserine preparation Where 
two values are given, separate hydrolysates were prepared and analyzed 


The data m Table VIII show that methylhistidme has no histidme 
activity at all for Leuconostoc mesenteroides P-60 nor foi Lactobacillus 
fermenti 36, although it is slightly active for Streptococcus faecalis R The 
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activity of metliyUiistidine foi this latter oigamsm is, however, too small 
to cause a significant error m the determination of histidine in meat 
One of the most useful methods of evaluating the leliabihty of micro- 
biological assays is to make detemunations bj’’ the use of more than one 
orgamsm Table IX show's the results of analyzmg vaiious kinds of meat 
and fractions obtained therefiom by the use of Streptococcus faecahs R and 
Leiiconostoc mesenteroides In only one case is there marked disagreement 
between the values obtained by the two methods The higher value 


Table IX 

Comparison of Values for Hisltdtne Content of Meat and Meat Fractions 
Obtained by Use of Different Test Organisms 


I^Iaterul analyzed 

L^Histidine content of 100 gm 
fresh meat or fraction derived 
therefrom 

Test orgimsra 


/oecafw R 

LcitcoMiloc 

mcsinterotdes 


ms 

ms 

Beef loin 

781 

755 

Protem from beef lom precipitated by acetone 

567 

576 

Fraction from beef loin soluble in 60% acetone, before 

19 7 

2 8 

hydrolysis 



Fraction from beef loin soluble in 60% acetone, after 

195 

195 

hydrolysis 



Beef liver 

1 502 

1 511 

Protein from beef liver precipitated by acetone 

481 

500 

Fraction from beef liver soluble in 60% acetone, before 

6 8 

6 8 

hydrolysis 


8 7 

Fraction from beef liver soluble in 60% acetone, after 

9 8 

hydrolysis 


275 

Beef brain 

281 

Lamb heart 

423 

432 


obtamed for the histidme content of the unhydrolyzed acetone-soluble 
fraction fiom beef loin by the use of Streptococcus faecahs R suggests that 
this orgamsm can make partial use of histidme m the form of carnosme 
It w'lll be noted that, aftei hydrolysis, the histidme values obtamed by 
the tw'o methods were identical The 10-fold and greater mcrease m the 
value for the histidme content of the acetone-soluble fraction after hy- 
drolysis mdicates that most of the histidme m the acetone-soluble fraction 
was present in a combmed form Very little free histidme was present 

before hydrolysis . , 

In order to determme whether the acetone-soluble fraction from oeei 
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muscle tissue contained considerable amounts of othei ammo acids m a 
combined foini, the analyses nubcited m Table X weic earned out Al- 
tliougli Table X does not include dat i on all of the ammo acids, it appeals 
that histidine occupies a soniew hat unique position The increase m the 
amount of free gheme md glutamic acid aftei hydrolysis avas probably due 
to the presence of glut ithione The ammo acid analyses were all earned 
out by microbiological procedures 


Table X 

Ammo Acid Contoil of Acetone Soluble Fraeiion from Beef Bom 


Ammo icid detcrmiaed 

Amount of ammo acid found 

In non hydrolyzed 
solution* 

After hydrolysis* 


m 

tf 

' Mg 

L-Argimnc 

15 5 

\ 16 2 

L-Aspartic acid 

1 2 

5 7 

L Glutamic “ 

16 2 

45 4 

Glycine 

12 7 

42 6 

L-Histidine 

14 2 

176 7 

L-Isoleucmc 

7 9 

9 5 

L Leucine 

10 3 

11 6 

L-Lysine 

3 2 

0 7 

L-Methiomne 

4 4 

0 0 

L-Phenylalamne 

9 7 

0 1 

L-Proline 

4 1 


L-Threomne 

15 4 

20 1 

L-Valine 

11 3 

16 3 


* Fraction obtained from 100 gm of meat 

DISCUSSION 

Smee the hydrolysis of cainosme yields L-histidme, this fraction of the 
histidine in muscle tissue will be determined by any histi e me o , 
provided that the determmations are carried out on the meat samples ^ a 
whole and not on the protein material after separation of non-protem 

nitrogen and othei substances ^ . 1 , i, ^ j 

Most of the earlier mvestigations were designed to study the histidme 
content of tissue proteins and not the total histidme content of the samples 
Usually the matenals were treated m such a way that part or aU of the 
camosme content must have been lost For example, Beach, M^, and 
Robmson (1) extracted their meat samples with hot water Osborne md 
Jones (20) extracted theirs first ivith l^ge volumes 
with toluene, then with 95 per cent alcohol, and fin^y 
alcohol Rees (21) extracted his samples by boihng them with alcohol. 





THE jMETABOLISiVr OF l-AND d-HISTIDINE BY SLICES 
OF LrnSR AND KIDNEY* 

Bt ROBERT iM FEATHERSTONE and CLARENCE P BERG 
{From the Biochemical Laboratory, State University of Iowa, Iowa City) 

(Received for publication, August 4, 1947) 

Wliether OMdative deamination is the favored initial step m the catabo- 
lism of histidme, as may be the case with many of the ammo acids, is open 
to question The supporting evidence of ICrebs (1) is less striking with 
L-histidine than with most othei natural ammo acids Kidn ey slices 
yielded somewhat more ammonia m the presence of histidme and oxygen 
than m the absence of either, and liver slices produced small amounts of 
urea and ammonia, apparentlj’’ at the expense of ammo nitrogen and with 
a measurable oxygen uptake 

Accordmg to Edlbacher and his associates (2) L-histidme is also attacked 
m the liver by histidase, an enzyme which leaves the a-ammo group mtact, 
but hydrolyzes the imidazole rmg m such a way as to permit ultimate con- 
version of the histidme to glutamic acid Like glutamic acid, L-histidme 
IS glycogenic (3, 4) 

Production of urocanic acid from histidme by reductive a-deammation 
has long been considered a possibility Recently Edlbacher and Heitz 
(5) have isolated a hepatic enzyme (urocanicase) able to convert urocanic 
acid quantitatively to n-glutamic acid, presumably via isoglutamme, the 
a-carbon m this instance havmg its origm m the imidazole rmg 

That some oxidative oi hydrol 3 ^ic a-deammation of histidme may occur 
seems likely In the rat, unidazolelactic acid (6, 7) and imidazolepyruvic 
acid (6) can serve as dietaiy substitutes for histidme, and u-histidme can 
be mverted to form the l isomer (8) Schoenheimer, Rittenberg, and 
Keston (9) noted that histidme isolated from the tissues of rats fed N^’ as 
ammoma contamed an excess of this isotope m its a-ammo group 

Without doubt D-histidme is less readily utihzed than the natural isomer 
(4, 8) It is said not to be attacked by histidase (2) Accordmg to Krebs 
(1) it IS deaminized m the liver and kidney by n-ammo acid oxidase This 
has not been substantiated by tests mth the reconstituted enzyme system 
In such tests, Klem and Handler (10) observed only slow oxidation, 
Karrer and Frank (11) none 

* The experimental data presented m this communication are taken from a dis- 
sertation submitted by Robert M Featherstone m partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy in Biochemistry m the Graduate College 
of the State Umversity of Iowa 
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IMost of the studies on histidase have been made with hver extracts 
which probably lack n-ammo acid deaminase activity (1) The present 
communication records tests which -nere undertaken m an effort to deter- 
mme whether oxidative deammation or histidase activity predominates in 
liver tissue and whether appreciable deammation of histidine occurs m the 
kidney Slices of rat hver and rat kidney were employed Oxygen up- 
take and changes m ammo nitrogen and m ammoma (or ainmnnin and 
urea) were determmed simultaneously Both l- and n-histidme were 
used m media buffered with phosphate or with bicarbonate at the physi- 
ological pH of 7 4, as v eU as at pH 8 4 which Krebs found more nearly 
optimum for the activity of n-ammo acid oxidase and Edlbacher more 
suitable for the activity of histidase 

EXPERIMENTAL 

The L-histidme used m these studies was isolated as the n-histichne 
monohydrochloride monohydrate fiom spray-dried blood by the method of 
Cox, Kmg, and Berg (12) It was racemized as directed by Duschmsky 
(13) and the n-histidme was prepared from the racemate as the mono- 
hydrochlonde monohydrate, essentially as outhned by Conrad and Berg 
(8) Solutions of 2 gm of the monohydrochloride monohydrate and 1 
equivalent of hydrochloric acid m 100 cc of water gave [a]!® = +8 32® 
for the L and —8 20® for the d form (cf (8, 14)) Both isomers melted at 
251-253° None of the preparations responded to Sulhvan’s naphthoqui- 
none test for cystme, which Darby and Lewis (15) have reported may con- 
tammate preparations of histidme monohydrochloride, particularly if the 
histidme is not first separated as the dihydrochlonde, as was done m our 
piocedure The mnhydrm “carboxyl nitrogen” method of assaymg free 
ammo acids (16) yielded 99 per cent or more of the calculated “carboxyl 
nitrogen” on aliquots containmg as little as 0 04 mg of histidme Since 
the ammo acid n as to be used m a system sensitive to mercury and its 
preparation had mvolved its isolation mitially as the mercuric sulfate com- 
plex, it nas tested for residual mercury No evidence that even minute 
traces v ere present could be obtamed by the Remsch, SnCb, or dithizone 
tests, or by spectrographic analysis For use m the tissue shce studies the 
histidme monohj drochlonde monohydrate was dissolved m ammonia-free 
water together wnth an equivalent weight of sodium hydroxide The 
requisite amount of histidme was employed to provide a 0 02 Ji solution 
after its admuxture wuth the buffered meium m which the tissue was sus- 
pended ^ f nm 

The tissue slices w ere prepared from the hvers or kidneys of rats irom 

Spramie-Dawley stock which had been mamtamed on a diet of Purma dog 

chow° The animals were killed by a blow on the head The slices w^ 

suspended m phosphate or bicarbonate media, prepared as directed y 
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Krebs and Henseleit (17) Addition of the histidine solution caused no 
appreciable change in pH 

Standard manometric procedures were used to determine oxygen utiliza- 
tion Data for experiments m which bicarbonate buffers were used were 
obtamed by employmg the apparatus described by Dixon and Keihn (18) 
The gassmg m these instances as with a mixture of 95 per cent oxygen and 
5 per cent carbon dioxide, rather than with the usual 100 per cent oxygen 
Oxygen data were recorded for a period of 1^ or 3 hours before the slices 
were treated with acid from the side sac The slices were then removed 
for weighmg, and the solutions for analysis 

When urea and ammonia were determmed together, as was usual m the 
studies w'lth liver slices, the ahquots were mcubated for 30 minutes with 
urease m the form of a finely ground Arlco tablet The total ammonia 
was measured by distillation and titration, essentially as described by 
Keys (19) The same procedure was used for estimating ammonia m the 
tests wnth kidney slices The standard acid and alkali solutions were 
checked agamst each other daily and the normality of the standard alkali 
was redetermmed each month by titration against potassium acid phthal- 
ate Blank determmations were made routmely on all other solutions and 
reagents used m the study and corrections were applied as found necessary 

Ammo mtrogen was measured by the ninbydrm “carboxyl mtrogen” 
method (16) To verify the calculated quantity of ammo nitrogen added 
to the respirometers, the same volumes of ammo acid, buffer solution, and 
acid as were used m the studies were mixed together and analyzed 

RESULTS AND DISCUSSION 

The data, summarized m Tables I and II, were calculated conventionally 
as Q values, Q representmg the apparent change per mg of drj'' tissue per 
hour m c mm , of oxygen, or non-gaseous substance expressed m c mm , 

1 millimole bemg considered equivalent to 22,400 c mm The average Q 
(experimental mmus control) values tabulated represent differences be- 
tween averages of triplicate or quadruplicate tests m w'hich the ammo acid 
was added to the flasks, and averages of simultaneous tests m which slices 
were mcubated with the buffered medium alone A plus sign mdicates 
that the average oxygen uptake by the flasks contammg the ammo acid was 
the greater To avoid confusion, readmgs of the Dixon-Keilm differential 
manometer were expressed m the same way, even though this is contrary 
to the usual practice 

Qurea + NH. mcludcs both urca and ammoma expressed as ammonia, 
Qnh. only arnmnnifi, A plus difference mdicates a greater average con- 
tent, after mcubation, m the ex-penmental than m the control flasks, a neg- 
ative difference the converse 

Some free ammo acid nitrogen (carboxyl nitrogen) was always found m 
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the media of the control flasks after mcubation In determining changes 
m the media of the expenmental flasks, obviously the added ammo acid 
mtrogen was considered If it is assumed that the hberation of ammo 
acid mtrogen from tissue is not appreciably altered by the presence of 
added ammo acid, then a mmus difference m Qammo n values may be said 
to mdicate utilization of ammo acid mtrogen, a plus difference would 
mdicate either lack of utflization or its maskmg by an excessive simulta- 
neous liberation of ammo acid mtrogen from the tissue 


TabiiE I 


Utilization of Oxygen and Amino Nitrogen and Production of Ammonia and Urea 
by Slices of Rat Liver Incubated with Media Containing l- or o-Histidine 


Senes Xo i 

j 

Average Q (eipenmeatal mmus control) 

pH 

Buffer 

Special addition to media 

Oa 

Urea + NHa 

Ammo N 

li-Histvdine 

I 

-0 38 

-hll 10 

-6 26 

7 4 

POa 


III 

-6 61 

-^3 20 


8 4 

(( 


V 

0 00 

-1-5 97 

-5 05 

7 4 

HCO, 


VII 


-1-6 24 

-6 72 

8 4 

tt 


VIII 


-1-17 07 

-5 57 

7 4 

tl 

Octyl alcohol 

rx 


-H3 S5 

-6 91 

8 4 

tt 

tt (( 

X 

— nn 

d-S 90 

-10 30 

8 4 

tt 

(( tt 

XI 

■i 

-1-15 50 

-9 54 

8 4 

tt 

tt « 


D-Histidine 


II 

-4 81 

-2 28 

-2 35 

7 4 

POr 

rv 

-1-2 48 

-1-0 37 

-2 12 

8 4 

It 

VI 

-1 73 

-3 32 

-2 81 

7 4 

HCO, 


Table I records the results of several series of hver shce tests ivith n- and 
D-histidme In every trial with n-histidme an mcrease m urea plus ammo- 
ma occurred In only one of the four series m which oxygen uptake was 
measured was there any mdication that oxygen was consumed The excep- 
tion (Series IX) was one m which the medium was saturated with octyl 
alcohol w^hich, accordmg to Ehebs (1), mhibits the activity of n-ammo 
acid deammase In none of the tests m which the n-histidme media ivere 
saturated with octyl alcohol vas there evidence of suppressed ammoma and 
urea production Comparisons with control tests indicated qmte the con- 
trary Disappearance of ammo nitrogen was also greater The data sug- 
gest that the changes were chiefly non-oxidative 

The decrease m ammo nitrogen mdicates that the change may not be 
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confined to the production of glutamic acid by histidase, ^\hlch Iibeiates 
2 equivalents of ammonia but does not affect the ammo nitrogen Non- 
oxidative metabolism of the glutamic acid produced, formation of urocanic 
acid, conversion to histamine, and production of peptides are all possibil- 
ities, but the data alToid no indication as to which or how many of these 
may be mv olved 

Trial tests on nn-alanme without octyl alcohol strongly suggested that 
oxidative deamination occuiied In the presence of octyl alcohol consid- 
erable mhibition of ammonia and urea formation and of ammo nitiogen 
utilization was obscived 


Tible II 


Ulthzalion of Oxygen and Ammo Nitrogen and Production of A.mmonia by Slices 
of Rat Kidney Incubated with Media Containing l- or n-Histidinc 


Scries No 

Average Q (experimental minus control) 

pH 

Builer 

Special addition to media 


O2 XHi Ammo N 





D-Hi3tidme 


I 

-2 70 

IQQI 

+1 52 

7 4 

PO, 


III 

-1 30 


-1 84 

8 4 

n 


V 

+2 94 


-6 95 

7 4 

HCO, 


VII 

•fO 2S 1 


-17 10 

7 4 

K 

AsjOa 

li-Histidme 

II 

-3 17 

-f-O 23 

-f-l 49 

7 4 

POi 


IV 

-4 30 

-0 75 

-t-2 17 

8 4 

It 


VI 

0 00 

1 

-0 26 

-6 34 

7 4 

HCO 3 



The data on n-histidme show little oi no production of urea plus ammonia 
and a loss of ammo nitrogen much smaller than with ir-histidme The 
evidence fails to support either oxidation by n-ammo acid oxidase or cleav- 
age by histidase The former observation agrees with the evidence which 
Hem and Handler (10) and Karrei and Frank (11) obtamed m tests with 
reconstituted n-ammo acid oxidase, the latter observation with the claim 
of Edlbacher (2) that histidase does not attack n-histidme 
Table II records the data obtamed m experiments with kidney slices 
and D- or L-histidme When n-histidme was tested m the phosphate- 
buffered media, no oxygen uptake occurred and little or no ammo nitrogen 
disappeared, m the bicarbonate media, the oxygen uptake, ammoma 
production, and dunmution of ammo nitrogen all favored the possibihty 
that some oxidative deammation may have taken place When arsenious 
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oxide was added to the system, the disappearance of ammo mtrogen became 
marked, but O'^gen uptake and ammoma formation dimin ished sharply 
Accordmg to Erebs arsemous oxide does not mterfere with deammation by 
D-a mm o acid oxidase, but prevents oxidation of the deammized residue 
beyond the ketomc acid stage 

Comparative tests mdicated that nL-alamne (m phosphate-buffered 
media) was much more vigorously attacked A greater loss of ammo 
mtrogen was observed when arsemous oxide was added to the system, but 
the oxygen uptake and the production of ammoma were not as markedly 
affected as m comparable tests with n-histidme 

Incubation of ]>-histidme with kidney shces mduced no oxygen uptake 
and no appreciable production of ammoma These results are contrary to 
those noted m a smgle test by Knebs m which he obtamed differences m 
Q values of +2 10 for oxygen, +0 91 for ammoma, and —2 40 for ammo 
mtrogen Ehebs’ contention that n-histidme is more readily deaminated 
m the kidney than is the l isomer is apparently based solely on differences 
m Qnhi of +8 42 for n-histidme and +1 85 for the L-ammo acid (1) 

STOOIABT 

Data obtamed on oxygen uptake, ammo mtrogen dimmution, and urea 
and ammoma production, upon mcubatmg media cont ainin g histidme with 
bver shces, seem to mdicate that histidase plays a more important r61e than 
L-ammo acid deammase m the metabolism of the natural isomer of this 
ammo acid by this tissue Comparable tests mdicate that the n isomer of 
histidme is not attacked by histidase and is not readily oxidized by n-ammo 
acid oxidase 

Analogous tests with kidney shces afford some mdication that n-histidme 
may undergo shght oxidative deammation m the kidney, but no evidence 
that L-histidme is either oxidatively deaminized or spht hydrolytically m 
that organ 
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METHIONINE SYNTHESIS IN NEUROSPOEA. THE ISOLA- 
TION OF CYSTATHIONINE* 

By N H HOROWITZ 

{From IheWMiam O Kerckhojf Laboratories of the Biological Sciences, 
California Institute of Technology, Pasadena) 

(Received for publication, August 12, 1947) 

Among artificially produced biochemical mutants of Neurospora, those 
which have lost the ability to s 3 Tithesize methiomne form the largest class 
At the present writmg 87 occurrences of the methiomneless character have 
been observed in this laboratoiy followmg treatment of wild t 3 T)e spores 
with high frequency radiations (1) or mustard gas (2) Methiomneless 
mutants differ from wild type Neurospora m that they fail to grow on a 
medium contammg only sugar, inorganic salts, and biotin, but do grow if, 
m addition to these constituents, methiomne is supplied In many of the 
mutants failure of methiomne synthesis results from a block m the reduc- 
tion of sulfate, which, evcept for a trace of biotm, is the sole source of sulfur 
m the basal medium These strains can utilize reduced forms of morgamc 
sulfur for growth, as well as methiomne and other oigamc sulfur com- 
pounds On the other hand, some of the mutants require organically 
bound sulfur for growth, an mdication that m these strains the block m 
methiomne synthesis comes at a later stage than sulfate reduction Similar 
classes of methionme-requumg mutants have been reported m the mold 
Ophiostoma by Fries (3) and m Escherichia coli by Lampen et al (4-6) 

The present study is concerned with four strams which are unable to 
carry out certam of the termmal steps m methiomne synthesis Evudence 
IS presented showmg that the synthesis proceeds through a senes of gene- 
controlled reactions involving cysteme, cystathionme, and homocysteme as 
intermediates Of particular mterest is the fact that, as a result of genetic 
blockmg, a precursor of methionme accumulates m cultures of one of the 
strams The precursor has been isolated and shown to be chenucally and 
biologically mdistmguishable from synthetic L-cystathiomne 

The results of this mvestigation were presented at the meetmg of the 
American Society of Biological Chemists m Chicago, May 21, 1947 (7) 

* The subject matter of this paper has been undertaken in cooperation with the 
Committee on Pood Research of the Quartermaster Food and Container Institute 
for the Armed Forces The opimons or conclusions contained in this report are 
those of the author They are not to be construed as necessarily reflecting the views 
or indorsement of the War Department 

This investigation was also supported in part by the Nutrition Foundation, Inc 
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Materials and Methods 

' Media — ^The basal medium used m the experiments has the following 
composition, m gm per liter ammomum tartrate 5, anunfinnim mtrate 1, 
monobasic potassium phosphate 1, magnesium sulfate ( 7 H 2 O) 0 5, sodium 
chlonde 0 1, calcium chloride 0 1, sucrose 20, biotm 5 X 10"^, and the 
follmvmg trace elements (added as salts), m mg per hter, B 0 01, Mo 0 02, 
Fe 0 2, Cu 0 1, IVIn 0 02, Zn 2 0 

Stock cultures of the mutants were carried on agar slants of the following 
composition, m gm per liter potassium tartrate 5, sodium mtrate 4, mono- 
basic potassium phosphate 1, magnesium sulfate (7R^O)0 5, sodium chloride 
0 1, calcium chloride 0 1, glycerol 20, hydrolyzed casein 0 25, Difco yeast 
extract 5, Difco malt extract 5, DL-methionme 0 025, agar 15 
Growth u as measured by moculatmg the mold mto 20 ml of medium m 
125 ml Erlenmeyei flasks, mcubatmg for 72 hours at 25°, drying the myce- 
hum at 90°, and weighmg to the nearest 0 5 mg 

Mutant Strains — ^The isolation numbers of the mutants reported m this 
paper are 38706, H98, 36104, and 39816 For convemence these will be 
referred to as meihionineless-l, methionmeless~2, methioninelessS, and 
meihionineless-4; respectnely, abbreviated me-1, me-2, etc The same 
numbers can be used mthout confusion to designate the distmguishing 
gene of each stram Thus, for example, stram me-1 carries a mutation of 
gene me-1, but has all other known genes m their normal forms 
Strains me-1, me-3, and ine-4 were obtamed from wild type Neurospora 
crassa after irradiation with ultraviolet hght, while stram me-2 was isolated 
(by Dr Frank Hungate) from material exposed to x-rays A genetic 
mvestigation of strains me-2 and me-3 has been carried out by Buss (8), who 
reports that both mutants differ from the wild type by different smgle 
genes Me-1 and me-4 have been studied by Dr B Phinney m this labo- 
ratory, who finds that they are smgle gene mutants differmg from strains 
me-2 and me-3 Crosses between strains me-1 and me-4 are infertile 
(Phinney, personal communication), and the heterocaryon test for allehsm 
(9) has so far given negative results, so that at present there is no genetic 
evidence that these two strains differ In view of the differences m nutn- 
tional requirements to be reported below', however, there is httle doubt that 
these strains do differ genetically, and m w'hat follows they w ill be con- 
sidered so to differ 

Compounds — I am greatly indebted to Dr Vmcent du Vigneaud for 
samples of synthetic L-cystathionme, n-cystathionme, n-allocystathionme, 
and n-aUocystathionme I wish also to thank Dr H Borsook and Dr J 
Dubnoff for samples of n-homocysteme and n-homocystme 

PL-Homocysteine tbiolactone hjdrochloride was prepared from nL-homo- 
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cjstme by the method of Riegel and du Vigneaud (10) The methionine, 
cystme, and cysteme hydrochloride were commercial preparations 

EXPERIMENT VL 

Groioth of Mutants on Homocysteine and Cysteine — It is known from the 
work of du Vigneaud et al (11) that the rat can methylate homocysteme 
to form methionme If a similar reaction takes place m Neurospora, and if 
the reaction is gene-controlled, then one might e'tpect to find two classes of 
methiomneless mutants with respect to homocysteine utilization, those which 
can use homocjsteme for growth and those which cannot A pre limin ary 
survey of a number of meihionineless strains showed that these classes do m 
fact exist Of the four strains reported here, stram me-1 fails to grow on the 
basal medium supplemented with homocysteme, while the other three 
mutants utilize homocysteme readily (Table I) Stram me-1 does not 


Table I 

Activity of Sulfur-Containing Ammo Acids for Four Ncurospora Mutants 


1 

^Linino acid 

i 

Dry weight of mold after 72 hrs 

atlS" 

Strain 

Strain me 3 




m£ 

m£ 


ms 

None 

0 

0 

0 

0 

DL-Methionine, 1 mg 

22 0 

54 0 


57 5 

t-Homocysteine, 1 mg 

23 0 

35 0 

mm 

0 

BL-Homocysteine thiolactone HCl, 2 mg 

16 5 

36 5 

\ 41 0 

0 

L Homocystme, 2 mg 

0 

0 

0 

0 

L Cysteme HCl, 1 mg 

25 0 

0 

0 

0 

L Cystme, 1 mg 

27 0 

0 

0 

0 


grow on homocysteme even with cholme or betame supplied additionally, 
suggestmg that the transfer of methyl, rather than its synthesis, is blocked 
m this mutant 

The thiolactone of homocysteme is somewhat less active than homo- 
cysteme m promotmg growth, while homocystme is mactive Evidently 
the last compound is not appreciably reduced to homocysteme by the mold 
under the conditions of these experiments The observed activity of 
homocysteme for strams me-S and me-3 is approximately 0 25 that of dl- 
methionme, calculated on a molecular basis This represents a minimal 
value, smce a significant quantity of homocysteme is undoubtedly oxidized 
to homocystme m the course of a 3 day aerobic growth experiment 

The foregomg results mdicate that the normal (wild type) form of gene 
me-1 contiols the methylation of homocysteme and that genes me-3, me-3, 
and me-4 control earlier steps m the synthesis of methionme The results 
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obtained when cystine (or cysteme) is supplied throw light on the functions 
of the last three genes It is found that stiain me-j^ responds to cystine and 
cysteme, whereas the othei strams do not (Table I) It follows that the 
synthesis of cysteine is blocked m stram and that cysteme can seive 
as a precursor of methionme The activity of cystme (calculated as 
cysteme) for stiam rm-Jf. is appioximately equal to that of methionme 
The conversion of cysteme to methionme is dependent on the normal 
functionmg of genes me-1, me-2, and vie-S smce strams carrying mutant 
foims of these genes fad to brmg about the conversion These conclusions 
are summarized m the followmg diagram 


Gene vie-i 


cysteme 


gene me-2 
me-3 


homocysteine - ^ , methionine 


Inspection of Table I shows that stram me-4 grov s at a slower rate than 
do the other mutants tested A 3-fold increase m the concentration of 
cystme or methionme only slightly increases the giovdh rate over that 
shown m Table I A depressed gronih rate has been found m a number of 
other cyshneless mutants, although this is not character istic of all such 
strams The phenomenon is bemg mvestigated 

Convex sion of Cysteine to Homocysteine — ^As mentioned above, the genetic 
findmgs of Buss shoved genes me-2 and me-S to be non-aUehc It was of 
consideiable mteiest to determme whethei a difference m function could be 
demonstrated betveen them Aqueous extracts of each mutant were 
theiefoie tested foi then abdity to support the growth of the other stram 
It vas found that extiacts of stram me-2, or the medium m vhich it has 
grown, contam a factor which can be utihzed for growth by stram me-S (but 
not by stram me-2) The finding suggested that a precursor of homo- 
cysteme accumulates m cultures of strain inc-2 as a result of the genetic 
blockmg 


Cysteme — > intermediate ■ ^ homocysteine 


The situation is identical m pimciple wuth that encountered m the accumu- 
lation of anthiandic acid by stram 10575 of Newosyora (12), of mono- 
methylammoethanol by stram 47904 (13), and of an imidentified precursor 
of mcotmic acid by stram 4540 (14) 

The isolation of the mteimediate was accomplished by the folloivmg 


procedure p 

Isolation of Cystathionine — Stiam me-2 was inoculated mto 5 gallon ryre 
caiboys contammg 16 litei-s of basal medium plus 0 4 gm of DL-methionme 
The carboys w ere incubated at 25° imder forced aeration for a period of 7 to 
10 days At the end of this time the mycelium w as collected m a baske 
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centrifuge and washed with water The moist weight of the mycelium at 
this stage varied fiom 290 gm (7 days mcubation) to 360 gm (10 days 
mcubation) per carboy 

Bioassay with stram ine-3 havmg shown that the active substance is 
more highly concentrated in the mold than m the medium, the latter was 
ordmarily discarded In one instance the medium was worked up m 
parallel with the mycelium from the same carboy The yield of pure ma- 
terial from the mycelium was over 10 times that obtamed from the medium 
The mycelium was dispei-sed m water m a Warmg blender and pomed 
into 10 hters of boilmg water per kilo of moist mold Aftei 10 mmutes the 
suspension was filtered thiough cloth and the extraction repeated The 
combmed filtrates were brought to pH 5 with dilute HCl and placed m the 
cold room The next day the precipitate was filtered off through a layer of 
infusorial earth and discarded The clear filtrate was neutrahzed and 
concentrated under reduced pressure to a volume of 2 6 liters per kilo of 
the origmal mycehum 1 volume of 95 per cent alcohol was added with 
stirrmg, and the mixture was placed m the refrigerator overmght The 
precipitate was removed by filtration and discarded 

The filtrate was concentrated to 550 ml pei kilo of oiigmal mycehum 
and 5 volumes of alcohol iveie added After standmg m the cold overnight 
the precipitate w'as collected m the centrifuge and washed with successive 
small portions of ice-cold water until the washmgs weie colorless The 
residue was dissolved m hot water, treated with charcoal, and concentrated 
under reduced pressure until ciystallization began 3 volumes of alcohol 
were added and the mixture lefrigeiated overmght 

The precipitate was collected by centrifuging and wns recrystallized 
from water The coloiless octagonal prisms were washed with cold water 
and alcohol and dned with ether Yield, 360 mg per kilo of moist myce- 
lium The yield from one carboy was doubled by supplementmg the basal 
medium with 0 2 gm of n-cystme and 0 2 gm of nn-homoserme m addition 
to the usual methionme supplement I am mdebted to Dr Marguerite 
Fling for the synthetic homoserine used in this experiment 
Elementary analysis of the isolated material show'ed the foUowmg 

CTHuOtN.S Calculated C 37 78, H 6 33, N 12 59, S 14 42 
Found “ 37 68, “ 6 46, “ 12 47, “ 14 80 

The mateiial gives a strong ninhydrm test It darkens at 270° and melts 
with decomposition at 301° The specific rotation, [a]^, of a 1 per cent 
solution m 1 N HCl is -f 26° ± 2° These values are m agreement with 
those obtamed by du Vigneaud el al (15) for S 3 aithetic n-cystathionine 
55 mg of the isolated material were treated with benzoyl chlonde by the 
method of Anslow et al (16), yielding 50 mg of the dibenzoyl derivative 
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CnHjjOjNjS Calculated, N 6 51, found, N 6 36 

The compound melted at 228-229°, m agreement with the reported melting 
pomt of dibenzoyl-L-cystathionme (15) This findmg, taken together with 
the observed specific rotation of the free ammo acid, defines the con- 
figuration of Neurospora cystathionme as of the L, or natural, configuration 
throughout (16) 


Table II 


Biological Activity of Natural and Synthetic ^-Cystathionine 


Cystathionme per 20 ml znedimn 

Growth of stram mt^3 

On synthetic cystathionme 

On natural cystathionme 

me 

m 

ms 

0 

0 0 

0 0 

0 2 

10 0 

10 0 

0 4 

20 0 

20 0 

0 6 

28 5 

33 0 

0 8 

38 0 

40 5 

1 0 

44 5 

44 0 


Table III 

Activity of Cystathionine Isomers for Neurospora Mutants 


li-Cystathiomne was isolated from Neurospora, the other isomers were synthetic 
Strain me-i was incubated at 25“ for 96 hours, all others for 72 hours Concentration 
of ammo acid, 1 mg per 20 ml 


Isomer 

Diy weight of mofd 

Stram 

Stram 
me 3 

Stram 
me 2 

Stram 
me I 


ms 

mg 

mg 

mg 

L-Cystathiomne 

26 0 

50 5 

0 0 

0 0 

D-Cystatbiomne 

0 0 

0 0 

0 0 


L-Allocystathiomne 

4 0 

0 5 

0 0 


D-AUocystathiomne 

3 0 

0 0 

0 0 



Biological Activity — ^As a final confirmation of the identity of the isolated 
compound, its biological activity was compared with that of synthetic 
L-cystathionme with stram me-S as a test organism The results (Table II) 
show that the activities of the two compounds are identical within the 
hmits of error The molecular activity of cystathionme for stram ineS is 
approximately 0 6 that of methionme 

Through the courtesy of Professor du Vigneaud, who supphed synthetic 
matenal, it was also possible to test the activity of the three 
optical isomers of cy stathionme The results are summarized m Table 
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Only L-cystathionme is active for strain me-3, showing that only this isomer 
can be cleai ed by Neurospora to yield homocysteme Both l- and n-allo- 
cystathionme are slightly active for stram Tne-4, mdicatmg that these may 
serve to a limited extent as sources of cysteme for the organism 

DISCUSSION 

S-03-Ammo-j8-carbo\yethyl)-homocysteine, later named cystathionme 
by^Bmkley and du Vigneaud (17), w as first suggested by Brand et al (18) as 
a possible intermediate m the biological conversion of methionme to cystme 
Previously, the structure had been tentatively assigned by Kuster and 
Irion (19) to a substance they isolated from wool, foUowmg prolonged 
treatment with sodium sulfide Later the same structure was suggested 
by Horn and Jones (20) for an ammo acid isolated from selemferous grains 
m isomorphous combination with the selenium-containmg analogue 
In recent years the problem has been vigorously attacked by du Vigneaud 
and his coworkers, who have accomplished the synthesis of optically active 
cjstathiomne as well as of active allocystathionme (15, 16) The same 
workers have brought forward important experimental support for the 
hjTiothesis of Brand et al concerning the r61e of cystathionine m the 
methiomne-cystme conversion (15-17, 21, 22) 

The results of the present study mdicate that the most probable pathway 
of conversion of cysteme S to methionme S m Neurospora is by way of the 
gene-controlled steps show’n m Diagram 1 Mutation of the mdicated 
genes, smgly, to mactive forms w’ould result in strams with the nutritional 
requirements described m this paper This pathw'ay is exactly the reverse, 
with respect to the S-contammg mtermediates, of that w'hich has been 
proposed for the conversion of methionme S to cysteme S m the mammal 
In view of the data of Lampen et al (6) it is likely that a similar sequence of 
reactions operates m Escherichia coh, m this organism, however, a mutant 
correspondmg to stram me-3 has not yet been found 
Binkley and du Vigneaud (17) found that cysteme is formed from 
homocysteme and serme m the liver, presumably through the intermediate 
formation of cystathiomne, w'hile Stetten (23) has shown that N*®-labeled 
serme gives rise to isotopic cystme m the rat The question therefore 
arises whether serme is produced in the homocysteme-yieldmg step m 
Neurospora Present evidence mdicates that serme is not produced m this 
step by direct hydrolysis of L-cystathionme mto 1 molecule of serme and 1 
molecule of homocysteme If this w^ere the case, it would be impossible to 
obtain a serine-requirmg mutant which is not at the same time methionine- 
less, since a block m serme synthesis wmuld necessarily mvolve either the 
cleavage of cystathionme or a step m the synthesis of cystathiomne A 
monogemc, senneless mutant of Neurospora has, however, been described by 
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Hungate (24) This mutant does not require exogenous methionine for 
growth, although a shght stimulatory effect of methionme, of doubtful 
significance, was found It is probable, theiefore, that serme and homo- 
cysteme are not products of the same reaction Consistent with this 
conclusion is the result of a single experiment by the author in which the 
serineless mutant was found not to respond to n-cystathiomne The 
evidence does not exclude the possibihty of serme production mdirectly 
from cystathionme by phosphorolytic cleavage, yielding phosphosedne, 
from which serme might be subsequently libeiated Such a phosphorolysis 


Diaghasi 1 


SH 

j 

CH.— S— CHj 

1 1 


OH. 

1 

1 1 

CHNHj CHs 

Gene me-3 j | 

Gene me-8 

CHNH. 

^ COOH CHNffi 

1 

• > 

COOH 

1 

COOH 

1 

Cysteme 

Cystathiomne 



SH 

1 

CH, 

1 


1 1 

CHs S 

( Gene me-1 ( 


CHj 

1 

" CHj 

1 


1 

CHNHj 

1 

1 

CH. 


1 

COOH 

j 

CHNHj 

1 



1 

COOH 


Homocysteme 

Methionine 


would be analogous with that which, according to the experiments of 
Binkley (22), is undergone by n-cystathiomne m the cysteme-yieldmg 
reaction m fiver preparations 

Stram me-4, as well as all other known cyslmeless strains of Neurospora, 
glows in the absence of added cystme if methionine is supplied Tins 
means that m the mold, as m animals, methionme can be utilized for 
cystme formation Similarly, cystathionme and homocysteme can also be 
converted to cystme by Neurospora By analogy with the rat, it seeim 
probable that the conveision of methiomne S to cysteme S is simply the 
revei-se of the synthesis of methionme from cysteme, shown m Diagram 1 
However, no direct evudence has yet been obtamed on this pomt is 
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conceivable that the foimation of cystine from methionme m the mold 
proceeds ovei a loute not mvolvmg homccj^steme oi cystathionine A test 
of this hypothesis should be possible by the use of double mutants 

1 1 \ ish to thank Di A J Haagen-Smit and Dr G Oppenheimer for the 
microanalyses lepoited Jieie Valuable assistance was rendered to the 
author by Di Maiguerite Fling and Di B Phmney 

StJMSLiBY 

Foul radiation-mduced, smgle gene mutants of Neurospora -which are 
unable to synthesize methionme from the constituents of the basal medium 
are described The synthesis is blocked at a diffeient stage m each mutant. 
Stram me- {.can utilize cystme, C 3 "stathionine, and homocysteme for growrth, 
m addition to methionme Stram me-S can utilize cystathionme, homo- 
cysteme, and methionme, but not cystme Stram me-£ gro-ivs on homo- 
cysteme or methionme, but not on cystme oi cystathionme Stram me-1 
utilizes only methionme A substance is produced by stram me-2 which is 
active for strains me-3 and me-4 but not foi stiams me-^ and me-1 The 
substance has been isolated and identified as L-cj'stathiomne on the basis of 
the follow mg ciiteria elementary analysis, optical rotation, decomposition 
temperature, meltmg pomt of the dibenzoyl derivative, and biological 
activity The results mdicate that n-cystathiomne is a normal mter- 
mediate in the S 3 mthesis of methionme by New ospora and that cj’^steme S 
IS converted to methionme S over the foUowmg pathway 

Cysteine — > cystathionine — > homocysteine — » methiomne 

Each step is under genic contiol Of the foui optical isomeis of cysta- 
thionine, only L-cystathionme is cleaved to homocysteme 
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INTERRELimONSHIP BETWEEN p-AMINOBENZOIC ACID 
PTEROYLGLUTAMIC ACID AS GROWTH FACTORS 
FOR LACTOBACILLI* 

By HERBERT P SARETT 

(From the Nulnlton Research Laboratory, Department of Medicine, 

Tulane University School of Medicine, New Orleans) 

(Received for publication, August 13, 1947) 

The elucidation of the structure of pteroylglutamic acid (PGA) (Lacto- 
baallus casei factor, vitamin Be) has shoivn that p-aminobenzoic acid 
(PABA) IS a component of the PGA molecule (1) Since earher work has 
treated PABA and PGA as distinct growth factors for bacteria (2), it is now 
necessary to study the relationship m the utilization of these substances by 
bactena It has been shown that many bacteria can synthesize PGA 
(3-7) and in some cases this has been related to the PABA content of the 
medium (5, 6) Recent findings also indicate that sulfonamides inhibit 
the synthesis of PGA from PABA by enterococci (8) 

Lackibacillus casei and Lactobacillus arabinosus have been used m the 
present work to study the synthesis of PGA from PABA and to show only 
partial replacement of PABA as a bacterial growth factor by PGA 

EXPERIMENT -VL 

Methods 

For experiments with Lactobacillus casei (American Type Culture Col- 
lection No 7469) and for measurement of PGA a modification of the 
Landy and Dicken medium (9) was used Asparagine was omitted and the 
biotm content was reduced to 2 y per liter The glucose and sodium 
acetate concentrations were increased to 40 gm each per liter Experi- 
ments with Lactobacillus arabinosus 17-5 (Amencan Type Culture Collection 
^^0 8014) were conducted with the nicotmic acid test medium of Krehl, 
Strong, and Elvehjem (10), modified by the deletion of PABA and the m- 
clusion of 400 y of nicotinic acid per liter In both of the above media, 
Difco vitamm-free casamino acid nuxture^ was used as the acid-hydrolyzed 
casein For inocula the orgamsms w ere transferred from yeast agar stabs 
(10) to 10 ml of the diluted medium, to which had been added the missmg 

* A preliminary report was presented before the Division of Biological Chemistry of 
the American Chemical Society at Atlantic City, New Jersey, April, 1947 This work 
was supported by grants from the Nutrition Foundation, Inc , the Wilhams-Water- 
man Fund of the Research Corporation, and the United States Public Health Service 

‘ This material was generously furmshed by Dr H W Schoenlein of the Difco 
Laboratories, Inc 
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growth factor and 5 mg each of Difco yeast extract and Wilson liver con- 
centrate 1 20 * The bactena were mcubated for 20 to 24 hours at 37°, 
centrifuged, washed, and resuspended in an equal volume of sahne This 
was diluted 20-fold and 1 drop was used for inoculation of each tube All 
tests were conducted in 18 X 150 mm Pyrex test-tubes, with a total volume 
of 10 ml per tube 

For assays the tubes weie incubated at 37° for 60 to 65 hours and the acid 
produced w as titrated wuth 0 1 x NaOH wath brom-thymol blue as mdi- 
cator For studies on the synthesis of PGA from PABA by Lactobacillus 
arabiiiosus the cultures w^ere steamed for 20 minutes after mcubation, 
neutralized to pH 6 9, diluted for analysis, and filtered Experiments m 
which cells and media w'ere analyzed separately were carried out similarly 
after prehmmar}'^ centrifugation and separation The matenals under 
study w'eie then analyzed for PGA with Lactobacillus casei grown m the 
modified Landy-Dicken medium 

Synthetic PGA, pteroic acid, p-aminohenzoylglutamic acid (PABG), 
and thymine were employed * The sample of PGA used m these studies 
contained 2 2 per cent of free arylamme (calculated as PABA), whereas 
only 1 per cent of free arylamme was found m the pteroic acid (11) 

Synthesis of PGA from PABA by Lactobacillus arabinosus — ^The distribu- 
tion of flee PGA in the cells and medium of the L arabinosus cultures which 
w^ere incubated with known amounts of PABA was studied first No 
assays weie made of any bound PGA (conjugate) m any of the experiments 
In Older to obtain measurable amounts of PGA it was necessary to add 
PABA far m excess of that needed for maximal acid production The re- 
sults in Table I show that most of the free PGA formed by L arabinosus 
was present in the culture medium This differs fiom the findings with 
Streptococcus lactis R in which almost all of the PGA formed after mcuba- 
tion wuth pteroic acid was present m the cells (4) 

Since excess thymine can replace PGA for Lactobacillus casei and suppoit 
one-half maximal growth of this orgamsm (12, 13), the effect of thymine on 
the synthesis of PGA from PABA by L arabinosus w as examined PGA 
values as determmed in the analyses by A casei were corrected for the effect 
of the thymme which was carried ovei Table II shows that the presence 
of 5 7 of thymine pei tube had no significant effect on the synthesis of PGA 
from PABA by L arabinosus How’ever, m other experunents m this 


2 This concentrate was kindly supplied by Dr Stanley W Hier of Wilson and 

*^°?W^^e indebted to Dr E L R Stokstad of the Lederle Laboratories Division of 

the American Cjanamid Company, for the pteroylglutamic acid and related com- 
pounds, and to Dr J A Aeschlunann of Hoffmann-La Roche, Inc , for the tbym 
used m tliese studies 
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laboiatory it was observed that thymine (5 to 10 7 per tube) did have a 
slight stimulatory action on the g;rowth of L arabinosus m the presence of 
suboptimal amounts of PABA 

The effect of the ammo acid source m the culture medium and of time of 
incubation on the synthesis of PGA during growth of Lactobacillus aiahi- 
nosus with P/\J3A is shown in Table III Most of the synthesis of PGA 
occurred in the first 20 hours of incubation This corresponds appio\i- 
mately to the end of the logarithmic growth period foi L arabinosus This 


Tvble I 

DislTibiition of Free Plcroylglutamtc Acid in Cells and Medium after Incubation of 
Lactobacillus arabinosus with p-Aminobcnzoic Acid 


PABA added 

Free PGA content after incubation (40 hrs ) 

l^Iedium 

CelU 

my 

my ' 

my 

25 

4 

* 

50 

8 

0 6 

100 

24 

1 1 

^ 200 

64 ' 

2 8 


* Thib value was too small to be measured accuratel> 


Table II 


Effect of Thymine upon Synthesis of Free Pteroylglutamic Acid from p Aminohenzoic 
Acid by Lactobacillus arabinosus 


PABA added 

Free PGA content of cultures after incubation (40 brs ) 


In presence of 57 thymine 

my 

my 

my 

50 

11 

11 

100 

28 

32 

200 

90 

95 

500 

85 

99 


IS similar to the synthesis of PGA from pteioic acid by Streptococcus lacks R, 
which reached its ma\imum in about 18 hours (4) In other experiments, 
L arabinosus was incubated for shorter periods of time with similar amounts 
of PABA in Medium A It was found that m 7 to 8 hours, or after growth 
had just started, approximately 1 my of PGA was piesent m each tube 
After 12 to 13 hours, 12 to 30 my of PGA were present in the cultures 
started ivith 50 to 500 my of PABA The 12 my of PGA foimed from 50 
my of PABA m 12 to 13 hours were the same as that synthesized m the 
longei incubation periods (Table III) 
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‘ V 

The replacement of acid-hydroIyzed casern (Difco vitamm-free casamino 
acids) by an ammo acid mixture or by an enzjmatic digest of casein (14) 
decreased the amoimt of free PGA synthesized from PABA (Table III) 
The small decrease with the ammo acid medium (C) may have been due in 
part to the reduction from 10 gm of acid-hydrolyzed casein to 6 2 gm of 
ammo acids per liter However, 10 gm of the enzymatically digested 
casein were employed in Medium B> which gave the lowest values for PGA 
synthesis This medium was modified from that of the acid-hydrolyzed 
casein medium (A) only by the omission of added tiyptophan The total 
sodium acetate concentration was kept the same All three media shown 

Table III 

Effect of Culture Medium and Time of Incubation upon Synthesis of Free 
Pleroylglulamtc Acid from P'Aminobenzoic Acid by 
Lactobacillus arabinosus 


i 

Medium I 

P^BA added 

Free PGA m cultures after various times mcubatiou 

20hrs 

65hrs 

90 its 


my 

my 

nry 

my 

A Acid-liydrol- 

50 

15 

11 

12 

yzed casein 

100 

33 

26 

30 


200 

80 

68 

80 


500 

120 

140 

128 

B Enzymatically 

50 

5 

5 i 

6 

digested 

100 

12 

13 

18 

casein 

200 

11 

13 

18 


500 

12 

12 

18 

C Amino acid 

50 

7 

8 


mixture 

100 

1 16 

18 



200 

60 

60 



500 

60 

90 



m Table III provided good growth for Lactobacillus arabinosus and similar 
response to graded amounts of PABA (almost maximal acid production 
with 2 my of PABA per tube) The decrease in PGA synthesis with the 
enzymatically digested casern might have been due to the presence of 
bound glutamic acid (strepogenin (15)) m contrast to the free glutamic acid 
m the othei media Any bound PGA which may have been formed would 
not have been detected m the present expenments The addition of 2 gni 
of L-glutamic acid per liter to the enzymatically digested casern medium did 
not alter the amounts of free PGA synthesized 

Subsiiluhon of Pterotc Acid Denvahves for PABA As Growth Factors for 
Lactobacillus arabinosus— The PGA and pteroic acid used m the presen 
expenments were analyzed for free arylamme (11) and found to contain 2 
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'and 1 per cent, respectively, when calculated as PABA This must be 
taken into account m evaluating the growth-promotmg effect of the pteroic 
acid compounds on L arabinosus The free arylamme, as measured above, 
may also include PABG This compound was found to be practically as 
effective as PABA (on a molecular basis) as a growth factor for L arabirwsus 
when grown for 65 hours under the same conditions used for the pteroic 
acid and PGA experiments 


Table IV 


VlihzaUon of Ptcroylglutamic Acid for Growth of Lactobacillus arabinosus in Terms of 
Equivalent p-Amtnobcnzoic Acid Activity (,65 Hour Incubation) 


PGA* added 

Free PABA* 
of saisple 

Autoclaved 

with 

medium 

Autoclaved 

separately 

Sterilized by 
filtration 

Autoclaved 
with ■ 

medium 1 

Autoclaved 

sciiarately 

Sterilized 

by 

filtration 

PABA activity 

PGA activityt 

my 

my 

1 1 

[ mr 




per cent 

5 

0 11 



Bn 



57 

10 

0 22 

1 1 


Bn 



28 

20 

0 44 

1 1 

1 1 

nn 



11 

40 

0 S8 

1 0 

1 4 

Bn 


4 

4 

SO 

1 76 

1 6 

1 6 

Bn 

0 

0 

0 

2 

mm 

■n 


0 4 

33 

59 

46 

5 



0 8 

0 8 

45 

45 

45 

10 

WBIM 


1 0 

1 0 

25 

25 

25 

>20 

0 44 

1 2 

1 4 

1 2 

12 

15 

12 

40 

0 88 

1 5 

1 4 

1 3 

5 

4 

3 


* The PGA used in these experiments contained 2 2 per cent of free arylamme 
(PABA) 

t Calculated on a molecular basis to express PGA activity relative to its PABA 
content after correction for free PABA PGA contains 31 1 per cent bound PABA 

Acti\ ities of PGA and pteroic acid for Lactobacillus arabinosus, expressed 
m terms of equivalent PABA activity, are shown m Tables IV and V The 
free PABA (or PABG) calculated from the analyses given above is also 
presented for each level of PGA or pteroic acid Since there may have 
been further liberation of PABA or PABG in autoclaving PGA or pteroic 
acid with the medium, aliquots of the test matenal at pH 6 9 were auto- 
claved separately or sterilized by filtration and then added to the tubes 
prior to inoculation The results in Table IV show no significant differences 
m the three types of test for PGA However, pteroic acid which had 
been autoclaved promoted slightly more growth than that which had been 
filtered (Table V) 

There was a decrease in the per cent of utilization of PGA and of pteroic 


























270 


LACTOBACILLI GROWTH FACTORS 


acid for growth of Lactobaallus arahinoms as the amounts tested uere 
increased With the larger amounts of PGA (Table IV) the growth ob- 
tained was almost completely accounted for by the calculated freePABAof'-. 
the sample At lower levels of PGA, the free PABA contributed a much 
smaller portion to the growth effect In all cases PGA was at most only 
partially utilized as a substitute for, or as a source of, PABA for L arah- 
nosus, as shown by the per cent activity of PGA after correcting for free 
PABA In sunilar experiments with pteroic acid (Table V) the utihzation 
for growth was a little higher on a molecular basis than that found for PGA 


Table V 

Utilization of Pteroic Acid for Growth of Lactobacillus arabinosus in Terms 
of Equivalent p-Aminobenzotc Acid Activity {65 Hour Incubation) 


Pteroic* 

acid 

added 

Free 

PABA* of 
sample 

Autoclaved 
with medium 

Autoclaved 

separately 

Sterilized 

by 

hltration 

Autoclaved 

with 

medium 

Autoclaved 

separately 

Sterilized 

by 

filtratioa 

PABA activity 

Pteroic acid activityf 

my 

my 

my 

my 

my 

^tr cent 

ter ant 

per cent 

1 

m&m 

0 20 

0 40 

0 20 

43 

89 

43 

2 


0 32 

0 70 

0 28 

34 

77 

30 

5 

■Ea 

0 46 

0 87 

0 40 

19 

37 

16 

10 

0 1 

0 46 

0 93 

0 65 

8 

19 

13 

20 

0 2 

0 97 

1 3 

0 85 

9 

13 

7 ' 

40 

0 4 

1 9 

1 3 

1 1 

8 


4 

SO 

0 8 

Maximum 

Maximum 

1 2 



1 


* The pteroic acid used m these experiments contained 1 per cent of free aryla- 
mine (PABA) 

t Calculated on a molecular basis to express pteroic acid activitj relative to its 
PABA content after correction for free PABA Pteroic acid contains 43 8 per cent 
bound PABA 


These experiments suggest the possibility that PGA and pteroic acid may 
be split to PABA before utilization by L arabinosus 

With 40 to 80 my of PGA (contaimng 1 to 2 my of free PABA) only one- 
half to three-quarters of maximal acid production was obtained in 65 hours 
with Lactobacillus arabinosus ^ The 1 to 2 my of free PABA present m 
these amounts of PGA could account for this growth (Table IV) Maximal 
acid production was obtained with 80 my of pteroic acid contaimng 0 8 
my of free PABA (Table V) This would require utilization of only 3 to 4 
per cent of the PABA bound in the pteroic acid (m addition to the free 
PABA of the sample) 


* In a personal communication, Dr J O Lampen reports that 
taming 0 3 to 1 0 per cent of free arylamine (PABA or PABG) had 2 to 3 5 ® 

the activity of PAB 4 for Lactobacillus arabinosus About 100 m f of these p P 
tions per 10 ml afforded maximal acid production 
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Effect of PAHA upon Utilization of PGA and Thymine by Lactobacillus 
easel Experiments which aie not shown in tabulai foim have demon- 
strated that PjIBA (10 to 100 y pei tube) could not replace PGA as a growth 
factor for L casei and had no effect upon the utilization of maximal or 
suboptimal amounts of PGA by L casei foi acid production in 65 hours 
Thjmme partially icplaced PGA as a groivth factor for L casei (1 y of 
thymine equals 0 16 my of PGA) and, when present in excess, thymine 
suppoited half maximal acid pioduction This confirms other findmgs 
(12, 13) The addition of PABA did not affect acid pioduction by L casei 
in the presence of suboptimal or excess amounts of thymine 

DISCUSSION 

PABA IS an essential growth factor for Lactobacillus arabinosus (16, 17) 
and can be used in the synthesis of PGA In the present experiments PGA 
replaced PABA to a very small extent for growth of L arabinosus PGA 
was also unable to replace PABA as a growth factor for a mutant strain of 
Escherichia coli (18) This suggests that PABA has other functions beside 
its use as a precursor of PGA and that conjugates of PABA may have to be 
spht to free PABA before utilization by organisms which require PABA 
The inability of PGA to overcome sulfonamide inhibition in organisms which 
do not lequire piefoimed PGA, e g Escherichia coli, Staphylococcus aureus, 
and Diplococcus pneumoniae (8) , supports these conclusions Under certam 
conditions sulfonamide action may inhibit the synthesis of PGA from PABA 
(8) This was shoivn with Streptococcus faecalis (Ralston) with a medium 
which permitted slow growth of the organism and m which PABA or pteioic 
acid compounds were stimulatory (8) The antagonism of sulfonamides by 
methionine and purines (19, 20) m addition to PABA indicates that these 
compounds also may be mvolved m or are products of some metaboho 
functions of PABA 

In the present expeiiments PABA and PABG have been found to be 
comparable m then giowth-promoting effect foi Lactobacillus arabinosus 
aftei 65 hours Lampen reports^ that aftei 24 hours PABG has only one- 
fourth the activity of PABA for this oiganism Williams has shorvn that 
PABG has only one-twentieth of the antisulfanilamide activity of PABA 
foi Lactobacillus aiabinosus m 24 houi growth experiments (21) This 
may also indicate differences in the use of free PABA and its conjugates 

SUMXIARY 

The growth of Lactobacillus aiabinosus m the presence of excess p-aimno- 
benzoic acid is accompanied by the synthesis of pteroylglutamic acid The 
flee pteroylglutamic acid reaches a maximum after about 20 hours and is 


‘ Personal communication 
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present mainly m the culture medium The source of ammo acids m the 
medium markedly influences the amount of free pteroylglutamic acid 
formed 

Pteroylglutamic acid or pteroic acid can only partially replace p-amino- 
benzoic acid as a growth factor for Lactobacillus ardbviwsus This may de- 
pend upon the ability of the organism to hberate p-ammobenzoic acid from 
these conjugates The findmgs also suggest that organisms which require 
p-ammobenzoic acid use it for other functions in addition to the synthesis 
of pteroylglutamic acid 

Excess p-aminobenzoic acid has no effect upon the utihzation of thymine 
or of pteroylglutamic acid by Lactobacillus casei 

The techmcal assistance of Antomette Dingraudo, Jamce Loeb, and 
PhyUis Gerhardt is gratefully acknowledged 
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Large scale processing of plutonium was necessary m the development 
and production of the atomic bomb The future will undoubtedly see the 
development of other uses for this material The toxip nature of plu- 
tonium has made the study of its metabolism in the animal organism a 
matter of great importance Extensive animal experimentation is im- 
perative if a full understandmg of the toxic properties of plutonium is to 
be gamed and if suitable means are to be devised for the protection of the 
health of persons workmg mth this material 

The purpose of the experiments conducted at this laboratory was to 
study the effect of citrate ion concentration, valence state, and various 
other factors on the body distribution and excretion of plutonium followmg 
its mtravenous admmistration to the rat 

EXPERIMENTAL 

General Procedure — Young male rats rangmg m size from 200 to 250 
gm were used for the experiment The animals were arranged m four 
groups of twelve rats each Each animal was mjected mtravenously by 
way of the femoral vem with approximately 15 y of plutomum In each 
case the volume of solution mjected was 0 35 ml The rats m the first 
group received plutonium m the form of a solution of PuCL, the second 
group received Pu(N 03 ) 4 , the third group received PuOaCNOs)", and the 
fourth group received Pu++++-citrate ion complex m a 0 3 per cent solution 
of NaaQHsOr 5 IH 2 O 

The actual amount of plutonium mjected was determmed by makmg 
“dummy” mjections as follows During the mjection of a particular group 
of rats an amount of solution equivalent to that admmistered to each rat 
was discharged from the syrmge into each of five 50 ml volumetric flasks 
After dilution to exactly 50 ml with 4 n HCl, the solutions were assayed 
for plutonium by countmg a suitable ahquot of each m a proportional 
a-counter The average of the five dummy mjections was taken as the 

* Report written by Wnght Langbam 
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average dose of plutonium received by the animals m the gioup The 
ammals were housed m metabolism cages that were especially constructed 
to facihtate the collection of urme and feces separately Urme and feces 
samples were collected at 24 hour mtervals through the IGth day, after 
which they were collected at 48 hour mtervals Each sample consisted of 
the pooled excretion fiom three lats 

In order to deteimme body deposition of the mjected plutonium, one- 
third of the animals m each group was killed and exammed at one of the 
foUowmg time mtervals 4, 16, 32, and 48 da}^ after mjection Liver, 
kidneys, spleen, and caicass were saved separately for analysis 
Methods of A7ialysis — ^The urme, kidne3is, liver, and spleen were prepared 
for analysis m essentially the same manner The material was transferred 
to a 300 ml Kjeldahl flask and digested with concentrated HNO3 and 30 
per cent HnOa until a white ash remamed The ash was dissolved m 4 n 
HC l and the solution transferred to a volumetric flask, made up to volume, 
and a smtable ahquot analyzed for plutomum 

The carcass, consistmg of skeleton and “balance,”^ was dried and then 
ashed by heatmg m a muffle furnace at 450-500° for about 24 hours 
After coolmg, the white flaky ash of the balance was separated from the 
skeleton by means of a 20 mesh sieve 
The skeleton and the ash from the balance were dissolved separately by 
repeated e-diractions with hot HCl Suitable ahquots of these solutions 
were taken for plutomum analysis 

Feces samples were dried, weighed, and ground An ahquot of the 
ground sample was transferied to a platmum crucible and igmted at a dull 
red heat The grayish white ash was extracted several times with hot 
4 N HCl The residue was treated with HF and agam extracted ■mth 4 N 
HCl The extracts w'ere combmed and made up to volume A smtable 
ahquot of the feces ash solution was analyzed for plutonium 

RESULTS AND DISCUSSION 

Effect of Valence State and Citrate Ion on Urinary and Fecal Excretion 
of Plutomum Administered Intravenously to the Eat — ^Figs 1 to 4 present 
graphically the data showmg the daily urmary and fecal excretion of 
plutomum when administered mtravenously to the rat as PuClj, Pu(N03)i, 
1^102(^03)2, and Pu+''>^-citrate complex The most ob-vious pomt 
mdicated by these results was the extremely high excretion of Pu02'*^ iQ 
the urme durmg the 1st day Durmg the 1st day the urmary excretion 
of plutomum admmistered as Pu02(N03)2 was 7 5 per cent of the mjected 
dose as compared to 0 33, 0 57, and 0 71 per cent for Pu++^, Pu-H'++, and 

1 All the carcass except skeleton, kidney, spleen, and hver 
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Fig 1 Respective urinary (a) and fecal ( 6 ) excretion of plutonium following the 
intravenous administration of 15 2 7 of Pu as PuClj Per cent of dose excreted 


!■■■■■■■■■■■ 

iBunaniB 




iMBaaaaaBi! 


0 4 a 12 16 20 24 28 32 36 40 44 
DAYS 


0 4 8 12 16 20 2 4 28 3236 40 44 
DAYS 


Fig 2 Respective urinary (o) and fecal (b) excretion of plutomum following the 
intravenous adnumstration of 14 2 7 of Pu as PufNOjli Per cent of dose excreted 
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Fig 3 Respective urinary (a) and fecal (b) excretion of plutonium following the 
intravenous admimstration of 15 1 7 of Pu as Pu 0 s(N 03 )i Per cent of dose excreted 
per day 



Fig 4 Respective unnaiy (o) and fecal (6) excretion of plutoni^ 
intravenous administration of 15 0 r of Pu as Pu^-citrate complex 
dose excreted per daj 


following the 
Per cent of 
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Pu-H-H--citrate compIe\ respectively Throughout the first 4 to 6 days 
the urinary excretion of plutonium mjected as Pu 02 (N 03 )o remained some- 
what higher than the excretion when the plutonium was mjected m the 
other forms This time interval may be assumed to be the time required 
for all of the PuO>++ ions to be reduced to a lower valence The very high 
urmary excretion of PUO 2 ++ was accompanied by a lowered fecal excretion 
rate Only 5 6 per cent of the mjected dose was excreted m the feces 
durmg the first 4 days as compared to 13 8 per cent for PuCb, 14 0 for 
PuCNOa)^, and 10 per cent for Pu ‘ ‘ -citrate complex The high fecal 
excretion of plutonium after mjection as PuCU or Pu(N 03)4 may be, how- 
ever, a result of its higher deposition m the liver (see Table II) 

The data m Table I compare the urmary and fecal excretion of the 
plutomum at 1 day and at 30 days after mjection Table I was prepared 
by taking from the excretion curves showm m Figs 1 to 4 what seemed to 


Table I 

Comparison of Fecal and U rinarij Excretion of Various F orms of Plutonium on 1st and 
SOth Days after Intravenous Administration to Rats 


Compound and valence 

Per cent dose excreted 1st day 

Per cent dose excreted 50th day* 

Urine 

i 

Feces 

Feces 

Urmc 

Urine 

Feces 

Feces 

Urme 

PuCl, 


3 27 

10 1 

■IMI 9 

0 15 

14 1 

Pu(NO,)4 


3 80 

7 1 

■IMI M 

0 28 

17 1 

Pii02(NO*)j 

7 50 

2 30 

0 3 1 

Bill , 1 

0 18 

16 1 

Pu++++-citrate 

0 71 

2 25 

3 1 

1 0 016 

0 28 

17 1 


* These values were taken from excretion curves shown in Figs 1 to 4 


be an average excretion value 1 day and at 30 days after mjection The 
ratio of fecal to urmary excretion durmg the 1st day emphasizes the extent 
to which the excretion of PUO 2 ++ differed from the excretion of plutomum 
administered m other forms Durmg the 1st day the ratio was only 
0 3 1 compared to 3 1 to 10 1 for the other forms On the SOth day after 
injection there were no outstanding differences m either urmary or fecal 
excretion, regardless of the form m which the plutonium had been ad- 
mmistered At this tune the over-all average daily urmary excretion was 
0 014 per cent of the mjected dose The average fecal excretion was 0 22 
per cent and the ratio of average fecal to urmary excretion was 16 1 
These data emphasize the extremely high fecal excretion of plutomum by 
the rat Regardless of the form m which the plutonium was mjected, the 
fecal output 30 days after mjection was 16 times as great as that m the 
unne In this respect the human and the rat appear to differ widely 
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The ratio of fecal to urinary excretion of plutonium by the hiiman at 30 
daj^s IS at most 1 1 (unreported data obtamed at this laboratory) The 
"Wide difference m the rate at which the rat and the human excrete plu- 
tonium m the feces should be considered m an evaluation of toxicological 
studies m which the rat is used as the test animal 


T^le II 


Effect o/ Valence State, Citrate Ion, and Time a^ier Injection on Metabolism of 
Plutonium Administered Intraienously to Rats 


Tissue or excretion 

Days 

after 

iniec 

tlOQ 

Per cent of injected dose 
recovered* 

Da>s 

after 

injec- 

tion 

Per cent of injected dose 
recovered* 

PuCIi 

o 

z 

'a' 

U 

± g 

*3 « 

Pi 

6 

& 

o 

3 

Pi 

PuCh 

6 

5 

3 

Pi 

4> 

t 2 

Ai 

6 

2 

O 

Liver 

4 

22 92 


9 56 

9 11 

32 

5 38 



2 7S 

Spleen 



1 19 


0 51 


mm 



0 33 

Kidneys 



1 36 

1 64 

1 91 


is 



0 73 

Skeleton 


44 91 

29 43 

56 93 



51 81 



56 S4 

Balance 


13 54 

11 88 

13 70 



7 86 



9 46 

Urme 



0 93 

1 34 

7 89 


1 20 



9 30 

Feces 


17 15 

15 11 

10 89 

5 71 


33 86 



20 54 

Total 


102 3 

99 6 

94 7 

92 9 


101 3 



99 9 

Liver 

16 


26 14 

4 17 

3 37 

48 


21 84 



Spleen 



■KM 





1 43 



Kidneys 





1 14 






Skeleton 


42 2S 


IniEiji 

58 50 



31 38 



Balance 


11 95 

7 28 

im 

7 58 



5 21 

7 85 


Urme 


1 35 

1 69 

2 15 

9 IS 



2 15 

2 85 


Feces 


37 61 



12 91 



39 65 

29 6S 


Total 


101 9 

94 2 

99 0 

93 2 



102 1 

104 5 

- 


Each value is an average of results obtamed from the tissues or excrement of 
three rats for PuCl,, four rats for PufNOj)* and Pu+-++-citrate, and six rats for 


PuOi(NOi)i 

* The dosages injected were 15 2 -/ of Pu as PuCh, 14 2 -/ as PufMOj)!, lo 0 v -is 
Pu-'+^-citrate, and 15 1 -/ as PuO.(NOj); 

j pu++++ la a 0 3 per cent solution of NajCsHiOi oJHjO 


There were no outstanding differences m the excretion of Pu‘ ‘ I'hen 
injected as the citrate complex and as PuCNOs)! In the former case, hou- 
e\er, fecal excretion was somevhat lower dunng the first few days The 
lover fecal excretion ma> be due to a lover deposition in the hver (see 

Table II) 
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Effect of Valence Stale and Citiate Ion on Body Distribution of Plutonium 
Adminisicrcd Intravenously to the Rat — ^The data m Table II sbovr the dis- 
tribution of plutonium in the rat body at 4, 16, 32, and 48 days after 
mtravenous injection as PuCls, Pu(N03)i, Pu++++.citrate comple\, and 
Pu 03(N03)2 Regal dless of the original form m which the plutonium ivas 
injected, the skeleton n as a major site of deposition When the plutonium 
nas admmistered as Pu-^-^-citrate and Pu03(N03)3, the skeletal deposition 
was approMmatel}’- 60 per cent of the injected dose 4 days following 
uijection of plutonium as PuCla and Pu(N03)4 deposition m the skeleton 
n as 44 9 and 29 4 per cent of the dose lespectively 
Deposition of plutonium m the hvei was low when it was injected in a 
foim giving high deposition m the skeleton 4 days following mjection as 
Pu++++-citrate and Pu02(N03)2, the amounts deposited m the hvei weie 
9 6 and 9 1 per cent of the dose respectively Deposition of plutonium 
in the hver 4 days after admmistration as PuCb was 22 9 per cent of the 
injected dose Plutonium injected as Pu(N03)4 was deposited m the liver 
to the crfent of 39 7 per cent of the mjected dose 
No outstaudmg differences were obsei ved m the deposition of plutomum 
m the kidney followmg intravenous mjection of the various forms At 
the end of the 4th day kidney deposition ranged from 1 36 to 2 20 per cent 
At 16 days deposition m the kidney ranged from 0 67 per cent m the case 
of PuCls to 1 14 per cent for Pu02(N03)2 
Deposition of plutonium m the spleen followmg mtravenous mjection 
was not greatly different for the various forms of plutomum mjected 
As was the case with the liver, the highest deposition m the spleen was 
obtamed with Pu(N03)4 

The tune mtervals chosen in this study (4, 16, 32, and 48 days) were 
much too short to permit any significant conclusions regardmg the effect 
of time on distribution and lelocation of plutomum m the body followmg 
intravenous mjection m various forms 
In general the plutonium content of the liver, kidneys, and balance de- 
creased with time The skeleton and spleen did not show any significant 
changes durmg the short time mtervals allowed for the experiment 
The data in Table II and the excretion data shown m Figs 1 to 4 suggest 
that fecal excretion of plutomum was higher for those forms givmg higher 
deposition m the liver, namely PuCh and Pu(]Sr03)4 
Effect of Size of Dose on Metabolism of Plutonium in the Rat — If urmary 
excretion is to provide a basis for determinmg the degree of exposure of 
workers to plutonium, the metabolism of this material m the body must 
be independent of the size of dose, * e , the metabolism must be essentially 
the same whether the body content results from a smgle large dose or from 
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several small ones The foUowmg experiment was devised to study the 
effect of size of dose on the excretion and body distribution of plutomum 
when admmistered mtravenously to the rat 

Groups of mature male rats were mjected with 0 032, 1 1, 5 3, 15 0, and 
52 7 of plutomum respectively The plutonium was admmistered as 
Pu ' ‘ ’ -citrate complex m a solution 0 5 per cent with sodium citrate 
The pH of the solution was approximately 6 and the volume mjected was 
kept constant, 0 35 ml Urme and feces were collected daily for 6 days 
and analyzed for plutomum At the close of the 6th day f ollowmg mjection 
the animals were saciificed and their tissues analyzed for plutomum 


Table III 

Daily Excretion of Intravenously Administered Plutonium in Relation 
to Size of Dose (Rat) 

Injected as Pu‘‘"*^-citrate complex prepared from Pu(NOj)< by making the 
solution 0 5 per cent n ith NajCsHsO? 5JHiO The pH of each solution was approxi 
mately 6 Each value is the average of results from three rats, except forjthe 
15 7 dose, for which each value is an average of results from twelve rats 


Size of dose and per cent of dose excreted 


Period after 
injection 

0 032 7 

1 l7 

537 

15 

r 

52 y 


Urine 




Feces 





da^s 

0 0-0 5 

HI 


1 74 

H 

0 85 


0 38 


2 06 

0 5-1 


0 218 

0 88 


1 57 

! 

1 89 


1 11 

1 -2 


0 265 

2 04 


2 51 


2 94 

0 321 

2 13 

2 -3 


0 133 

1 37 


1 71 

! ' 

2 72 

0 214 

1 S9 

3 -4 

0 181 


0 81 

0 165 

1 13 

1 ' 

2 07 

nwiK 

1 42 

4 -5 

0 176 

BIk n 

0 80 

Bta 

1 30 



Mip 

1 40 

5 -6 

0 176 

Oil 

0 SO 

B 

1 30 

Qg 


Bi 

1 40 

Total 

2 07 

1 71 

8 44 

1 96 

10 37 

1 57 

12 79 

2 09 

11 41 


The data in Table III show' the relationship between size of dose and the 
daily urmary and fecal excretion of plutomum mjected mtravenously into 
the rat The per cent of the mjected dose excreted per day m both feces 
and urme w as not significantly affected by the size of the dose In fact, 
the agreement m pei cent excreted for the various sized doses was remark- 
ably close At the end of the 6th day after mjection the spread m total 
fecal excretion was from 8 4 to 12 8 per cent of the dose The spread m 
total urinary' excretion was from 1 6 to 2 1 per cent 

The distribution of plutonium m the animal body was likewise unaffec e 
by the size of the mjected dose (Table IV) The skeleton was the prmcipai 
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Site of deposition The lObults toi skeletal deposition langed fiom 56 1 
to GO 5 per cent foi dl doses 

Ihe pel cent of the dose piesent in the total blood volume was also quite 
constant 'liic laiigc in blood content foi the vaiious dosages 6 days 
following injection was 1 0 to 1 5 pei cent The amount of plutonium 
deposited in the Inci langed fiom 7 8 to 10 4 pei cent 
Metahohsm of Plutonium Adininisleied Orally to the Rat — Five groups of 
animals consistmg of thieo young male lats each w^ere selected for the 
experiment Groups 1, 2, and 3 w'eie given 46, 198, and 488 y of Pu++++- 
lespectu elj’’ The plutonium was admmisteied in 5 pei cent sodium citiate 


Tvbce IV 

Effect of Size of Dose on Metabolism of Plutonium Adnnmstci cd Intravenously to Rats 
Injected aa Pu++++ citrate complex prepared from PutNOjJi by making the solu- 
tion 0 5 per cent with NaiCslLO? 5}H.O The pH of each solution was approxi 
raately 6 All animals were sacrificed at the end of the 6th day Each value is the 
average of results from three rats Values for the 15 y dose are an average of results 
from tw elve rats 


Sue of injected dose and per cent of dose per organ 


Organ or wcrction 



0 032y 

1 l7 


ISy 

52 y 

Liver 

7 79 

9 32 

10 43 

9 56 

9 39 

Spleen 

0 66 

0 44 

0 45 

0 67 

0 49 

Kidneys 

1 33 

1 22 

1 22 

1 64 

1 46 

Skeleton 

56 12 

57 30 

60 46 

56 93 

60 38 

Balance 

18 34 

14 30 

14 39 

13 70 

14 31 

Blood 

1 50 

1 25 

1 00 


1 10 

Urme 

2 07 

1 71 

1 95 

1 58 

2 09 

Feces 

9 13 

8 45 

10 37 

12 79 

11 41 

Total 

96 9 

94 0 

100 3 

96 9 

100 6 


solution Group 4 w^as given 2000 y of Pu-+^-*^' m 0 5 pei cent sodium 
citrate The last gioup w^as given 488 y of Pu++++ m the absence of any 
sodium citiate All doses weie admmistered by givmg one-fifth of the 
total amount of plutonium per day foi 5 consecutive days All animals 
weie saciificed 4 days aftei the last admmistiation of plutonium Livers, 
skeleton, and balance w'eie analyzed separately for plutonium 

The lesults are given m Table V These lesults mdicate that absoiption 
of plutonium from the gastrointestmal tract (m the absence of citrate ion) 
w'as quite low% 0 01 pei cent Absoiption w^as mcreased by the simultaneous 
admmistiation of a laige excess of sodium citrate The mcrease m absorp- 
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tion, howevei, mos not gieat Only about 0 3 pei cent of the plutonium 
Mas absoibed Avhen given in a 5 pei cent solution of NasCeHsO? SlHjO 
The amount of plutonium admmisteied, and the stiength of the sodium 
citiate solution used did not significantly affect the pei cent of the absorbed 
dose deposited m the liver and skeleton If the amount of absoibed 
plutonium that was evcieted in the uime and feces dm mg the time of tlie 
experiment is disregaided, the aveiage liver deposition for all dosages vas 
7 3 pei cent of the amount absoibed The aveiage skeletal deposition 
undei these conditions vas 78 9 per cent of the absoibed mateiial These 
lesults indicate that plutonium absoibed slovly into the system, as fioni 

Tabi,!. V 

AbsorjHion and Body Dish ibultoii of Pltdonium Administered Orally io Rats 
\11 doses M ere administered by giving one-fifth of the total amount of plutonium 
per day for 5 consecutive days The amount of the absorbed plutonium excreted m 
feces and urine during the experimental period vas neglected The animals m ere 
sacrificed 10 dajs after the beginning of the experiment 


Total doses of 
Pu 

Concentration 
NaiCsHsO SJH-O 

Dose absorbed 

Per cent of absorbed Pu per organ 

Liv er 

Skeleton 

Balance 

7 

fer cent 

per cent 




46 

5 

0 34 

7 8 

70 8 

21 4 

19S 

5 

0 32 

8 2 

81 7 

10 1 

48S 

0 

0 25 

3 7 

88 1 

S 2 

488 

0 

0 01 

7 5 

80 0 

12 5 

2000 

0 5 

0 06 

9 4 

74 2 

16 3 

■kverage 

7 3 

78 9 

13 7 


the gastiomtestinal tiact, may lesult m a greater deposition in the skeleton 
than it does xvhen administeied mtiavenously even as Pu++++-citiate 
complex or as PuOsCNOs)^ 

This paper is based on xvoik peifoimed under United States Government 
contract No W-7405-Eng-36 at the Los Alamos Scientific Laborator}' of 
the Unixmi’Sity of Cabfoinia 


SUMJLXRY 


1 The 1st day foUoxvmg mtiavenous injection of Pu02(N03)2 the unna^ 
excretion of plutonium xxas 7 5 per cent of the dose as compared to 
0 57, and 0 71 per cent xxhen administered as PuCL, Pu(N03)i, and Pu ■ 
citrate complex respectively Fecal excretion during the 1st day 
correspondmgly loner follonmg mjection of Pu0.(N03)2 On tlic 
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day following intiavcnoub mjcction theic weie no significant diffeiences 
m either uimaiy or fecal exciction of plutonium administered as Puds, 
Pu(N 03 )i, Pu+++^-citi ito complex, oi PuOsCNOs)^ At this tune the 
aveiage uiinary exeietion was 0 01 1 pei cent of the injected dose and the 
aveiage fecal exciction was 0 22 poi cent The aveiage ratio of fecal to 
urmaiy excietion was 10 1 

2 The skeleton w'os a major site of deposition regardless of the form in 
w Inch the plutonium w as injected 4 days followmg mjection of plutonium 
as PuClj, Pu(N 03)4, Pu++++-citiate complex, and Pu02(N03)2 skeletal 
deposition w as 44 9, 29 4, 5G 9, and 56 5 pei cent of the mjected dose le- 
spectively Deposition m the livei under the above conditions was 22 9, 
39 7, 9 6, and 9 I pci cent of the mjected dose respectively Deposition 
of plutonium m kidnej", spleen, and m balance wns not greatly affected by 
the foraa in which the plutonium ivas admimsteied 

3 The size of the injected dose of Pu'^'^-citrate complex did not affect 
the per cent of the dose excreted m the feces and urme Likewnse, the size 
of dose did not altei the per cent of mjected mateiial piesent m the various 
tissues O' days following injection 

4 In the absence of citiate ion absorption of plutonium from the gastro- 
mtestmal tract w'as quite low', 0 01 pei cent of the administered dose 
When Pu-t'+'H' w'as admmisteied orally m 5 pei cent sodium citrate solution, 
0 3 per cent of the admmisteied dose w'as absorbed 

5 79 per cent of the plutonium absoibed from the gastiomtestmal tract 
was deposited in the skeleton and 7 5 pei cent in the hvei Plutonium 
absoibed slowly via this loute seems to give a higher deposition in the 
skeleton than it does when admmisteied mtiavenously as PuCb, Pu(N03)4, 
Pu++++.(,j^jate complex, oi Pu02(N03)2 
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In recent publications, Sobel, Rockenmacher, and ICramer (1, 2) pre- 
sented a study on the variation of composition of rat bones with variation 
of the relative concentrations of calcium, phosphorus, and bicarbonate 
in the blood serum, induced by different diets In their experimental 
group on a high phosphorus-low calcium diet without vitamm D, the 
residual total base (expressed as calcium, which is about 95 per cent of the 
total base) to phosphorus ratio m the bones was 1 36 mstead of the usual 
ratio of about 1 5 They expressed the composition of these bones em- 
pmcally as [CaHPOi]! 6[CaC03][Ca3(P04)2]2 o which vould mdicate a 
CaHP04 content of about 23 per cent 

Although there is general agreement m the literature that the com- 
position of bone may vary widely, most x-ray diffraction mvestigations 
indicate that the bone salts have an apatite or apatite-like structure (3-5) 
The present mvestigation is an x-ray diffraction study of high phosphate 
bones to detect possible changes m the structure of the bone salts, and 
particularly to seek physical evidence of the presence of CaHP04 m these 
bones 

Experiments on Bone 

The rats used m this mvestigation were of the same breedmg stock as 
those used by Sobel et al (1, 2) Rats 23 to 25 days old were placed on a 
diet contammg about 0 03 per cent calcium and 0 9 per cent phosphorus 
(Diet C (1)), with no vitamm D, and were kept m a dark room Litter 
mates were placed on the breedmg diet as normal controls After the rats 

* Taken in part from the thesis of Albert Hirschman submitted in partial fulfilment 
of the requirements for the degree of Master of Science in Chemistrj at the Polj - 
techbio Institute of Brooklyn, June, 1946 Presented in part before the Division of 
Biological Chemistry at the 110th meeting of the American Chemical Society, Chi- 
cago, September 9-13, 1946 

t Present address, Department of Anatomy, Long Island College of Medicine, 
Brooklyn, New York 
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had subsisted on the diet for 1 month, they were sacrificed by cutting the 
blood vessels in the neck The blood was collected, pooled, and the serum 
analyzed for calcium and phosphorus The average calcium value was 
0 5 mg per cent and the average phosphorus value was 10 mg per cent, 
agreemg generally with the values reported by Sobel et al (2) for rats on 
this diet The femurs and tibias were removed from the freshly killed 
animals, cleaned of adhering tissue, slit open, and soaked m two changes 
of alcohol and one of ether to remove fatty material Bone analyses were 
m agreement with those reported previously for rats raised under almost 
identical conditions (1, 2) 

The fat-e\tracted femurs were ground to a powder, and portions of each 
powder w ere ashed at 600° and at 900° for several hours Powder diffrac- 
tion patterns were made on small amounts of specimen contamed m 


Table I 

Summary of x-Ray Diffraction Results on Bone 


Bone specimen 

Treatment 

Predominant pattern 

Weak pattern 


c 



High phosphate 

None 

Apatite 


1 

600 

<< 

/S-CaifPOdj 


900 

CasfPOds 

Apatite 

Normal 

None 

Apatite 



600 

it 



900 

1 



a thm walled Pyrex capillary, by means of a 57 3 mm Debye-Scherrer 
camera and nickel-filtered copper Ka radiation Each exposure w as 7 to 8 
hours 

Fig 1 shows the x-ray diffraction patterns of normal and high phosphate 
bone, before and after ignition Table I summarizes the results The 
most strikmg and significant feature is that the pattern of the high phos- 
phate bone ashed at 900° is completely different from the others This 
pattern represents the structure of /3-tricalcium phosphate, whereas the 
other patterns are of the apatite type The diffraction pattern of the high 
phosphate bone ashed at 600° is somew'hat different from its normal counter- 
part, but the difference could be accounted for as bemg due to a trans- 
formation of some of the material to /3-tricalcium phosphate at this tem- 
perature No CaHPO^ 2 H 2 O was detected from the diffraction patterns 
of the unashed bone 7 - and jS-calcium pyrophosphate, which would be 
formed from CaHPOj at 600° and 900° respectively (6), could not be de- 
tected from the diffraction patterns of bone ashed at 600° and 900 

A chemical test for pyrophosphate was performed, based on its hydrolysis 
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to orthophosphate on heating m 1 n sulfuric acid solution for 15 minutes 
m a boilmg water bath Negative results rv'ere obtained with both the 
high phosphate and normal bones ashed at 900°, while a control contammg 
pyrophosphate gave a positive test 

Experiments on Inorganic Mixtures 

In order to mteipret these facts, similar experiments were done on mix- 
tures of CaHPOj 2H2O and a commercial c p tertiary calcium phosphate 

Table II 


Summary of x-Ray Diffraction Results on Inorganic Mixtures of Calcium Phosphates 

and Pure Materials 


Specimen 

Treatment 

Predominant pattern 

Weal, pattern 

CaHPOi 2 H 2 O 

‘C 

None 

CaHPOi 2H.0 



600 

7 -Ca. PeO; 



900 

)?-Ca2p 2 O 7 


Hydroxyapatite (commercial 

None 

Apatite 


c p tncalcium phosphate) 

900 

<( 


iVIixture I 8% CaHPOi 2HjO, 

None 

It 

CaHPOi 2H20 

92% hydroxyapatite 

600 

tt 

7-Ca^Ps07 


900 


/3-Caj(POi)j 

Mixture II 24% CaHPOi - 

None 

“ and CaHPOi - 


2HsO, 76% hydroxyapatite 

600 

2 H 2 O 

Apatite 

Y-Ca'»P207 


900 

^-Caj (P 04)2 

Apatite 

Mixture III 40% CaHPOi - 

None 

CaHPOi 2HjO and 


2HiO, 60% hydroxyapatite 

600 

apatite 

Apatite and 7 -CajPaOj 



900 

(3-Ca3(P04)2 j 

C/a2P2^7 


which showed an apatite diffraction pattern The CaHPO^ 2H2O was 
prepared m the laboratoiy and its diffraction pattern corresponded to that 
reported for this compound (7) A diffraction pattern of the ignited c p 
tertiary salt showed an apatite pattern, as there was no more than a trace 
of carbonate present, it was assumed to be hydroxyapatite The mixtures 
consisted of (Mixture I) 8 per cent CaHPOi 2H2O and 92 per cent hydroxy- 
apatite, (Mixture II) 24 per cent CaHP04 2H2O and 76 pei cent hydroxy- 
apatite, and (Mixture III) 40 per cent CaHPOi 2H2O and 60 per cent 
hydroxyapatite Portions of these mixtuies veie heated at 600° and at 
900° for 2 hours Diffraction patterns were made of all specimens The 
results are shoivn m Figs 2 and 3 and are summarized in Table II ]vIlx- 
ture II comes closest m composition to the high phosphate bone, and the 
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diffraction pattern of the ignited material most closely resembles those of 
Ignited high phosphate bones 

The pyrophosphate test was performed on the ignited samples, as de- 
scribed for bone Small amounts (about 5 per cent) of p3rrophosphate 
were found m Mixtures I and II ignited at 600° and 900°, and large amounts 
m Mixture III ignited at 600° and 900° 

The reactions mvolved m the ignition may be wTitten as 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


CaHPOi 2 H 2 O CaHPO. + 2H.0 
600° 

2 CaHP 04 )■ T-Ca.P.Or -f- H.O 


7-Ca2P207 > ^-Ca«P.Or 

CaioCPOileCOH). + Ca P 2 O 7 4Ca3(P04) 
Ca,o(P04)s(OH)2 -f- 2CaHP04 -> 4Ca3(P04)2 -f 2H.0 


Apparently, any pyrophosphate that may be formed accordmg to reac- 
tion (2)''will react with the hydioxyapatite present accordmg to reaction 
(4) A stoichiometric mixture for reaction (4) or (5) will contam mitially 
25 5 per cent CaHP04 2H2O and 74 5 pei cent hydroxyapatite 


DISCUSSION 

In spite of the large amount of work done m the field, the mechanism 
of bone formation and its exact structure are still a matter of discussion 
Sheai and liramer (8) suggested that the first step in the deposition of 
bone salts is the formation of CaHP04, because, if the ion product [Ca]"*^- 
[HP 04 ]“ is much below the solubility product of CaHP04, calcification 
tn mvo or in vitro will not take place Logan and Taylor (9) showed that 
CaHP04 was imtially present m tertiary calcium phosphate precipitates 
at pH 7 3, but rapidly disappeared unless an excess of phosphate was 
present Sobel, Rockenmacher, and I&amer (1, 2) performed what may 
be considered in part as an in vivo counterpait of Logan and Taylor’s ex- 
periments Among other thmgs they w'ere able to produce bones contam- 
mg an excess of phosphate corresponding to a content of about 23 per cent . 
CaHP04 However, the presence of CaHP04 had never been directly 
demonstrated m bone either by chemical methods (10) or by x-ray diffrac- 
tion (11, 12) 

jMorgulis (10) stated that any CaHP04 present in bone would be con- 
vened to pyrophosphate on mcmeration These authors could detect no 
such pyrophosphate, and this was considered as evidence agamst the 
CaHP04 theory of bone formation Our experiments on inorganic mix- 
tures show that such conclusions are erroneous, because on heatmg to 
900° any CaHP04 that might be present in bone would first react with the 
apatite present to form tricalcium phosphate Only amounts of CaHP04 - 
2H-.0 in excess of 26 per cent of the total would form pyrophosphate on 
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Ignition We could not detect any pyrophosphate in the ignited high 
phosphate bones containing empirically about 23 per cent CaHP04 

Our \-ray diffraction studies did not detect any CaHPOi 2HiO in the high 
phosphate bones, oi any CaHPOj oi y-CajPoO? m these bones ignited at 600° 
]Mi\ture I, containing S pei cent CaHP04 2H2O and 92 per cent hydroxy- 
apatite, gave diffiaction patterns showmg these lines (Fig 2, Table II) 
Thus, any CaHP04 present m the bones must be m a state of aggregation 
vhich gives use to very weak or no vray diffraction patterns This may 
be in the foim of a finely divided state, which may or may not be adsoibed 
on the suiface of the apatite crystallites, or may be included within the 
apatite lattice If the CaHP04 had a much more finely divided particle 
size than bone apatite, vray diffraction would not show it, as it is well 
knoivn that extremely finely divided crystallme materials do not give clear 
diffraction patterns Because of the small particle size of bone apatite 
(10~® to 10~® cm ), still smallei particles would provide such poveiful 
adsorption foices that the CaHP04, if evenly distiibuted, would greatly 
resemble adsoibed material, if not actually adsorbed If the CaHP04 
were present adsorbed to the smface of the apatite ciystallites, it would 
not be detected by x-ray diffraction, according to Walden and Cohen (13) 
If the CaHP04 w^ere a part of the apatite lattice, it would lose its own 
crystalline identity and not give its chaiacteristic diffraction pattern 
It was pomted out by Eisenberger, Lehrman, and Turner (4) that the 
apatite lattice is very susceptible to isomorphous substitution, and wide 
variations in composition may be sustamed without change m structme 

It was observed that the diffraction patterns of the morgamc mixtures 
Ignited at 600° do not show the partial conversion to ^-Ca3(P04)2 w'hich 
the high phosphate bone undergoes at this temperature In addition, 
chemical tests showed the presence of small amounts of pyrophosphate 
even m the presence of an excess of apatite m the morgamc mixtures after 
Ignition at 900°, wheieas no such pyrophosphate could be detected m bone 
The difference may be due to the excess phosphate m the high phosphate 
bone faemg in much closer contact with the apatite than could be achieved 
by grmdmg the ciystallme components with a mortar and pestle, and 
thereby reactmg more readily Close contact could be achieved either by 
adsorption of the CaHP04 on the surface of the apatite or its mclusion 
wit hin the apatite lattice Because the apatite ciystallites m bone are 
extremely small, laige amounts of mateiial may be adsorbed on the surface 
Either explanation appears to be equally possible at this time 

/3-Ca3(P04)2 was produced by heatmg a-triealcium phosphate^ to 900° 

‘ The term a-tncalcium phosphate is used by different authors to represent either 
the transformation product obtained by heating CajfPOi); at 1700° (4, 14), or a 
precipitated hydrated CajfPOi)! 2 H 2 O (5, 15) We are using this term in the latter 
sense 
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(15-17) Hodge and coworkers considered this substance to be hydroxy- 
apatite containing an excess of adsorbed phosphate, and that these combine 
on heatmg at 900° to form /8-Ca3(P04)2 Dallemagne and coworLers 
(5, 15) disagree ivith this view-point, and consider the material to be 
a-tricalcium phosphate From our experiments, it would seem possible 
to produce /3-Ca3(P04)2 from hydroxyapatite and CaHPOi, thus lending 
some support to Hodge’s views, although there is no doubt that it could 
also be prepared fiom a-tncalcium phosphate 

In conclusion, it seems most probable that the inorganic matter of the 
high phosphate bones consists of apatite crystallites iinth CaHPOj either 
adsorbed on the surface or mcluded withm the crystal structure CaHPOj 
apparently represents the first solid deposited on calcification, according 
to the theory of Shear and Kramer (8) Under the usual physiological 
concentrations of ions, this rapidly hydrolyzes to a tertiary calcium phos- 
phate or apatite and the amount of CaHPOi m normal bone at any given 
time may be very small The concentrations of calcium m the serum of 
the rats from which the high phosphate bones were taken was only 5 to 6 
mg per cent, and, as much of this is in combmation with the serum protems, 
the amount of ionized calcium is very small On the other hand, the con- 
centration of morganic phosphate was relatively high (9 to 10 mg per cent) 
Precipitates m which the presence of CaHP04 persisted after standing were 
obtamed by Logan and Taylor (9) only from low calcium-high phosphate 
solutions m their studies of calcium phosphate precipitates This may 
explam the appreciable amounts of CaHP04 which are present m the high 
phosphate bones 

It is hoped that further studies (which are m progress), with x-ray 
diffraction, heat transformation, and chemical agents, of bones of different 
compositions and morganic muxtures will throw more light on the structure 
of bone 

SUMMARY 

1 X-ray diffraction studies reveal that high phosphate bones of the 
'approximate empirical composition [CaHP04]i 6[Ca3(P04)2]2 oCaCOs UQ* 

dergo a transformation at 900° from the apatite structure to /3-tricalcmm 
phosphate At 600°, this transformation takes place partially No 
CaHP04 could be detected m unashed bone, nor could 7- or ff- calcium 
pyrophosphate be found m bone ashed at 600° or at 900° 

2 Inorgamc mixtures of CaHP04 2HaO and hydroxyapatite when 
itmited at 900° will also form some ^-tncalcium phosphate, dependmg on 
the relative amounts of each present When CaHP04 is present m excess, 
calcium pyrophosphate is also formed These mxxtures do not ^ 
/3-tricalcium phosphate at 600°, but show the diffraction Imes of both 
apatite and y-CajPoOr 
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3 It IS concluded that CaHP 04 is piesent in the high phosphate bones, 
either adsorbed on the surface of the apatite crystallites or as an integral 
part of the lattice but not as an individual crystalline entity 

BIBLIOGRAPHY 

1 Sobel, V E , Rockenmicher, M , and Kramer, B , J Biol Chem , 168, 475 (1945) 

2 Sobei, A E , Rockenmacher, M , and Kramer, B , J Biol Chem , 169, 159 (1945) 

3 Pankuchen, I , m Annual review of biochemistry, Stanford University, 14, 207 

(19-15) 

4 Eisenberger, S , Lehrman, V , and Turner, W D , Chem Rev , 26, 257 (1940) 

5 Brasseur, H , Dallemagne, M J , and Melon, J , Nature, 157 , 453 (1946) 

6 Hill, W L , Faust, G T , and Reanolds, D S , Awi J Sc , 242, 457 (1944) 

7 Hanawalt, J D , Rinn, H W , and Freuel, L K , Ind and Eng Chem , Anal Ed , 

10, 457 (1933) 

S Shear, M J , and Kramer, B , J Biol Chem , 79, 105 (1928) 

9 Logan, M A , and Taj lor, H W , J Biol Chem , 126, 377, 391 (1938) 

10 Morgulis, S , J Biol Chem , 93, 455 (1931) 

11 Taylor, N W , and Sheard, C , J Biol Chem , 81, 479 (1929) 

12 Roseberry, A , Hastings, A B , and Morse, J K , J Biol Chem , 90, 395 (1931) 

13 Walden, G H . Jr , and Cohen, MU,/ Am Chem Soc , 67, 2591 (1935) 

14 Bale, W F , Bonner, J F , Hodge, H C , Adler, H , Wreath, A R , and Bell, R , 

Jnd and Eng Chem , Anal Ed , 17, 491 (1945) 

15 Dallemagne, M J , and Brasseur, H , Bull Soc roy Sc Liege, Nos 8-9 (1942) 

16 Maolntire, W H , Palmer, G„ and Marshall, H L , Ind and Eng Chem , 37, 164 

(1945) 

17 Hodge, H C , LeFevre, M L , and Bale, W F , Ind and Eng Chem , Anal Ed , 

10, 156 (1938) 


EXPL\NATION OP PLATES 
Plate 1 

Fxg 1 X-ray diffraction patterns of normal and high phosphate bones A, high 
phosphate bone, A-1, ashed at 600°, A-2, ashed at 900° B, normal bone, B-1, ashed 
at 600°, B-£, ashed at 900° 

Plate 2 

Fig 2 X-ray diffraction patterns of inorganic mixtures Mivture I, 8 per cent 
CaHPO* 2H.O-92 percent Caio(OH)j{P 04 )«, Mixture I-a, ashed at 600°, Mixture 
I-b, ashed at 900° Mixture II, 24 per cent CaHPOi 2H.O-76 per cent 
Caio(OH)j(POi),, Mixture Il-a, ashed at 600°, Mixture Il-b, ashed at 900° Mix- 
ture III, 40 per cent CaHPOi 2 H 2 O -60 percent Caici(OH)i(POt)c, Mixture Ill-a, 
ashed at 600°, Mixture Ill-b, ashed at 900° 

Plate 3 

Fig 3 X-ray diffraction patterns of hydroxyapatite (C, C-1 ashed at 900°) and 
CaHPO, 2 H 2 O {D, D-I, ashed at 600°, D-3, ashed at 900°) 
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ON THE MECHi\.NISj\I OF ENZYMATIC CONVERSION 
OF GLUCOSE-l-PHOSPHATE TO GLUCOSE-6- 
PHOSPHATE* 

By jVItVX SCHLiUIOWITZ and DAVID M GREENBERG 
{Prom the Division of Biochemistry, University of California Medical School, Berkeley) 
(Received for publication, July 14, 1947) 

If the formation of an enzyme-substrate complex m the conversion of 
glucose-l-phosphate (Gl-l-Ph) to glucose-6-phosphate (Gl-6-Ph) undei the 
influence of phosphoglucomutase is granted, then the reaction may be en- 
visioned to occur via one of the foUowmg mechanisms 

(a) Gl-l-Ph + enzyme enzyme G1 -f- Ph?=i G1 6-Ph 4- enzyme 

(b) Gl-l-Ph + enzyme enzyme Ph + G1 Gl-6-Ph -f enzyme 

(c) Gl-l-Ph 4- enzyme enzyme Gl-l-Ph ^ enzyme Gl-6-Ph;=iGl'6-Ph + enzyme 

Mechanism (a) depicts the function of phosphoglucomutase to be that 
of a transglucosidase m that an erngune-glucose mtermediate is formed and 
there is a subsequent transfer,of the glucose to a suitable acceptor (phos- 
phate) That this mechanism, as represented, is not operative m the 
case of this enzyme was demonstrated by Meyerhof ei al (1) with the aid 
of radioactive phosphorus These workers demonstrated the failure of 
radioactive morgamc phosphate, added to the reaction medium, to be 
mcorporated m the Gl-6-Ph formed by the reaction These flndmgs are 
mcompatible with postulated mechanism (a) 

The present mvestigation was designed to establish which of the re- 
mainmg postulates, (b) and (c), correctly describes the reaction mechanism 
Mec hanism (6) postulates the rdle of the enzyme to be that of a transphos- 
phorylase mvolvmg labilization of the glucose fragment Hence, m the 
presence of radioactive glucose the formation of radioactive Gl-6-Ph should 
result if the mechanism is valid The conversion of Gl-l-Ph to Gl-6-Ph was 
theiefore earned out under the influence of phosphoglucomutase m a me- 
dium contammg radioactive glucose (C“) Under the conditions of the ex- 
periment no mcorporation of radioactive glucose mto the Gl-6-Ph could be 
detected From a consideration of these results, taken together with those 
of Meyerhof et al (1), the conclusion that scheme (c) best represents the 
reaction mechanism appears to be justified The results of the present study 
are in accord with the suppositions imphcit in an acceptance of mechanism 
(c), namely, that the enzyme-substrate mtermediate mvolves the entire 
glucose phosphate molecule, and further that the ensumg phosphate trans- 
fer IS stnctly mtramolecular 

* Aided by a grant from the John and Maiy R Markle Foundation 
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CONVERSION OF GIiUCOSE-1-PHOSPHATE 


EXPERIMENTAL 

Foi the conveision of Gl-l-Ph to Gl-6-Ph, 1 ml of a solution containing 
potassium glucose-l-phosphate (139 X 10~- m), MnCh (125 X Kh^it), 
KCN (3 3 X 10"^ m), ladioactive glucose^ (2 78 X 10~- m), andphi^pho- 
glucomutase- (0 05 mg) was incubated foi 1 5 houis®at37° Atubecon 
tammg all of the above mateiials e\cept foi the enzyme sened as the con 
tiol The pH of both the contiol and test media was 7 3 Following the 
incubation peiiod, 1 5 times the calculated amount of baiium acetate ivas 
added, and the baiium hexose phosphate piecipitated by the further addi 
tion of 1 2 volumes of 95 per cent ethanol The piecipitate was centrifuged, 
dissolved m 1 0 ml of H 2 O, and reprecipitated with ethanol (1 2 volumes) 
This pioceduie of piecipitation, solution, and lepiecipitation, designed to 
lemove radioactive glucose, was repeated foi a total of ten tunes, theiol 
ume concentiation of ethanol being giadiially increased to 95 per cent 


Table I 

Analysts of Barmin Glucose Phosphate foi Radioactive Glucose 



Isolated barium 
glucose phosphate* 

RadioactiMt> of 
isolated barium 
glucohc phosphate 

lacorporalioD of 
glucose 

glucose pbospW' 
(corrected for conW 


mg 

counts per tnni 

per rtnl 

Control 

2 8 

1 ± 1 


Test 

2 1 

1 ± 1 



* The barium salt of the control run is Ba Gl-l-Ph The barium salt of thete^' 
run IS Ba G1 6-Ph (97 per cent), Ba Gl-l-Ph (3 per cent) 


Fmally an ethanol suspension of the precipitated barium glucose ph^ 
phate was transfeiied to an aluminum disk and the radioactivity of 
residue detennined aftei evaporation of the alcohol 

RESULTS AND DISCUSSION 

The results ot this experiment are summarized in Table I 
It may be seen fiom the data m Table I that the isolated glucose p 
phate (both Gl-l-Ph and Gl-6-Ph) aie devoid of ladioactivity 
value of the activit 3 '' of the 01 igmal glucose (388 counts pei mg ^ 

it is calculated that the piesence of as little as 1 0 pei cent glucose ( 

1 The authors are indebted to Dr H A Barker of the Department of Sod 

for a gift of the C“ labeled glucose used in these studies ]jgso-i 

• The preparation of the phosphoglucomutase free from pliosplmO 
isomerase ill be described in a separate publication 1 97 pci 

3 Preliminary experiments with non-radioactive glucose rciealed tl» 
conversion of Gl-l-Ph to G1 6-Ph is effected in 1 5 hours 
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the isolated baiium Gl-6-Ph would have been detectable (3 7 counts per 
minute) 

This failure of radioactive glucose m the reaction medium to be incor- 
porated in the Gl-6-Ph (and Gl-l-Ph), as shoivn in Table I, points to mech- 
anism (c) as best representing the couise of the enzymatic conversion of 
Gl-l-Ph to Gl-6-Ph In view of the intiamolecular nature of the reaction 
implied by this mechanism, it is of mterest to speculate as to the precise 
mode of transfer of the phosphate gioup withm the glucose molecule from 
the 1 to the 6 position A not umeasonable pathway is the formation of 
an mtermediate phosphate diester, as shoum m the accompanying diagram 



Gl-l-a Gl-6-Pli 

The plausibility of the idea that this phosphate diestei may serve as the 
intermediate compound is at piesent best supported by the fact that con- 
stiuction of the diestei from Gl-l-Ph oi Gl-6-Ph with moleculai models 
reveals that no distoitions of bond angles oi distances are requured for its 
formation Further, m the models of Gl-l-Ph or Gl-6-Ph the spatial 
arrangement of the crucial hydiogen and hydrogen and hydroxyl gioups 
IS such that the bond angles and distances characteristic of HjO are rea- 
lized Additional support for the formulation of an mtramolecular phos- 
phate diester as an mtermediate m the phosphoglucomutase reaction is 
given by the fact that a similar mechanism has been proposed (2) and 
proved experimentally (3) for the leaction, |8-glycerophosphate — > a-glycero- 
phosphate 

SUMMARY 

Evidence has been presented elucidatmg the natuie of the enzyme- 
substrate complex mvolved m the phosphoglucomutase reaction 
A cyclic phosphate diester has been proposed as the mtermediate com- 
pound m the reversible mtramoleculai conversion of glucose-l-phosphate 
to gIucose-6-phosphate 
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THE NATURE OF SOME OF THE CHEMICAL DIFFERENCES 
AMONG STRAINS OF TOBACCO MOSAIC VIRUS* 

By C A KNIGHT 

(From the Department of A.nimal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton) 

Plate 4 

(Received for publication, June 30, 1947) 

Between the ordinary piotem molecules of the chemist and recognized 
living oiganisms theie lies a diversified group of obligate paiasites which 
possess some of the piopeities of both (1), these entities are called viruses 
The capacity foi self-duplication is a fundamental pi opei ty of viruses of all 
descriptions Closelj'' associated, if not msepaiably Imked with this prop- 
erty, IS the ability of most, if not all, viruses to mutate spontaneously, 
with the consequent pi eduction of physically similar entities which possess, 
how ever, altered biological characteristics These new forms, under pi oper 
circumstances, repioduce themselves faithfully and are recognized and 
designated as strams 

The chief interest m chemical studies on virus strains, if we disregard 
temporarily the implications which the findmgs may have in other fields, 
such as medicme and genetics (2, 3), lies in the light which such mvestiga- 
tions may thiow upon the currently obscure mechanism of virus multiplica- 
tion Furthermore, it might be expected that such studies, if sufficiently 
extended, would produce results havmg a bearing on the relationship be- 
tween chemical structure and biological specificity 

Many strams of tobacco mosaic virus constitute particularly favorable 
material for analysis, ow'mg to their relatively simple chemical nature and 
ease of purification These facts have been utilized m the quantitative 
determination of nucleic acid and of certain ammo acids m strams of tobacco 
mosaic virus (4-6) The strams analyzed were chosen for their distmctive 
biological properties and ranged from a masked stram, which shows no 
readily apparent symptoms m diseased Turkish tobacco plants, to a lethal 
stram which kills young tobacco plants wuth regularity Furthermore, 
some of the strains w ere known to be closely related to common tobacco 
mosaic virus, whereas others w^ere almost surely only distantly related 
Qualitative tests show^ed that all of the strams contam pentosenucleic acid, 
and the phosphorus analyses mdicated that all contam the same proportion 
of this component On the other hand, striking differences m protem com- 

* Presented m part before the Division of Biological Chemistry at the meeting of 
the American Chemical Society at Atlantic Citj , April 14-18, 1947 
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position were found in some mstances, despite the fact that analyses were 
made for only a few ammo acids This result suggested that the foimation 
of a vims mutant involves fundamental changes in composition of the virus 
protein rathei than simpler postulated changes, such as a gam or loss of 
certain leactive groups oi a leairangement of the existmg units to form a 
slightly different pattern The general nature of the findmgs made it seem 
desirable to extend the mvestigations to include as many ammo acids as 
possible m order to secure a moie complete picture of the number and scope 
of differences among the strains For this purpose, microbiological 
methods of assay were employed and, as described herein, these methods 
revealed many new differences m the composition of the diffeient strams 
In addition, these methods made it possible to account for all, oi nearly all, 
of the piotem moiety of six of the eight strams analyzed 

Matei tals and Methods 

Vuus Strains Ordinal y Tobacco Mosaic Vims (TMV) — ^This is the 
common gieen-mottlmg stiam In Turkish tobacco, it produces a typical 
mottlmg, a slight distortion of the leaves, and stunts the giowth of the 
plant (7) Even vei y young plants, howevei , ai e not killed by the virus but 
grow to matmity, flower, and produce viable seed (7) 

Holmes’ Masked Sham (M) — This stiam ivas obtamed by growmgatan 
elexated temper atm e pieces of tomato stem xvhich had been moculated with 
the ordmaiy strain (8) It is noted for its completely masked character in 
Tuikish tobacco plants m which it is generally not possible to distmguish, 
by direct observation, mfected plants from non-mfected, healthy plants of 
the same age 

JI 4 DI Strain — This stiam was obtamed by the spontaneous mutation 
of the J 14 sti am (9) The J 14 stram had m tin n ai isen by the mutation of 
oidmary tobacco mosaic xiins, that is, it was obtamed from a small spot 
aiismg on the leaf of a plant infected with the common stram (9) The JH 
stram is chaiacteiized by its pioduction of neciotic lesions on the moculated 
leaves of Tmkish tobacco, and by its non-systemic nature and low infec- 
tivity (7, 9) On the other hand, the J14D1 stiam produces necrotic pri- 
mary lesions and then becomes systemic, producmg necrotic spots and also 
a characteristic yellow mg of the upper leaves of the mfected plants It 
much more mfectious than the J14 stiam from which it wms derived In 
strikmg contrast to most of the strams of tobacco mosaic virus, the J14D1 
stram is lethal to young Turkish tobacco plants It also kills tomato plants 
with great regularity, mcludmg large plants at the flowering stage (7) 
The sequence of events followmg mfection of young Turkish tobacco wit 
J14D1 is illustrated in Text-Fig 1 

Yellow Aucuba Strain (YA) — ^This is the aucuba mosaic of tomato ni^ 
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lepoited bj" Bewley and studied by a nurabei ot othei woikeis (10) In 
Tuikish tobacco, it pioduces a systemic disease maiked by a pionounced 
yellow ing of the fob ige 

G>cen Aucuba Sham (CrA ) — This was obtained by glowing the yellow 
aucuba sti un in a species of tobacco at an elevated tempeiatuie (10) The 
new sti iin cannot be distinguished fiom yellow aucuba in manj^ hosts, but 
diffei-s fioin it in liiikish tobacco m w'hich its symptoms aie vntuaUy m- 
distmguish ible liom those of oidmaiy tobacco mosaic vnus It can be dif- 
feientiated fiom the lattei by inoculation to Ntcoliana bijlvestiis in which, 
unlike oidinai 3 tob icco mosaic vnus, it pioduces neciotic piimaiy lesions 

Holmes' Rib-Giass Sham (HR) — Thisstiain, oiiginally isolated fiom iib- 
giass, pioduces distinctive neciotic iing patterns m Tuikish tobacco (11) 



Text-Fig 1 Stages m the progress of the disease caused by the J14D1 strain ot 
tobacco mosaic virus in Turkish tobacco In the first plant, on the left, can be seen 
necrotic spots marking the primary sites of infection, in the second plant, evtensive 
chlorosis of several upper leaves marks the systemic spread of the virus, on the right 
IS demonstrated the effect of the final stage of the disease which has resulted in the 
death of the plant Photograph by J A Garble 

Cucumber Vn uses 3 and 4 (CV3 and CV4 ) — These tw o vnuses giow^ only 
in plants of the Cucurbitaceae m which sti am CVS pioduces a gieen mot- 
tlmg and CV4 a bi illiant yellow^ mottlmg "While these ai e pi esumed to be 
strams of tobacco mosaic vnus, the pi oof foi this is less complete than it is 
foi the stiams desciibed above (12) 

Illustiations of some of the symptoms produced m Tuikish tobacco by 
the stiams just desciibed aie given m a pievious lepoit (4) and w ill supple- 
ment the data given above 

Preparation of Vvusfoi Analysis — Highly puiified piepaiations of vnus 
w^eie obtained fiom gioups of appiopi lately diseased plants by the pio- 
ceduies pieviously desciibed (12) Many of the samples used were those 
on w^hich chemical analyses had also been made (4-6) -All pieparations 
w^ere diied m a mannei pieviously desciibed (4) and hjdiolvsates of the 
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Viruses weie obtained by heating 40 to 60 mg samples m 2 ml portions 
of 2 7 N hydiochloiic acid m sealed tubes m an autoclave at 15 pounds pres- 
sme (121°) foi 10 to 12 hours The hydrolysates weie neutralized vith 10 
pel cent sodium hydi oxide, filtered, and the combmed filtrate and v ashmgs 
foi each sample v ere brought to a Amlume of 250 ml Foi the tr5Tjtophan 
assays, separate samples of 10 to 15 mg weie hydrolyzed m 1 ml portions 
of 20 pel cent sodium hydi oxide m sealed tubes m an autoclave at 15 pounds 
piessuie for 15 hours The hydiolysates vere neutialized, filteied, and 
bi ought to a volume of 100 ml 

Mtcrdbiologtcal Assays and Othei Analyses — The methods used Mere 
laigely those of Stokes and coworkeis (13-15), to Avhom the authoi is also 
mdebted foi origmal cultures of the bacteria employed No methods ivere 
descnbed by Stokes and coUaboiators for the determmation of alanme, glu- 
tamic acid, prohne, and gtycme Howevei, these amino acids weie deter- 
mmed m the piesent mvestigation by methods ivhich satisfied fairly well 
the usual ciiteiia of rehabilit3’- in miciobiological assays (13) Other addi- 
tions to 01 deviations fiom the Stokes piocedures included the use of Leu- 
conostoc mesentei aides P-60 (16), as well as Sii eplococcusfaecalis, to deteinnne 
lysine, and the use of L mesenteroides in the aspartic acid assays i athei than 
Lactobacillus delbi ueckii Thus, Sti eptococcus faecalts w as emploj^ed in as- 
says foi alanine, aigmme, glutamic acid, histidine, isoleucme, leucine, ly- 
sme, methionme, thieonme, tryptophan, and valine L delhnieckii LD5 
w as used to detei mme phenjdalanme, serme, and tyrosine, and L mesen- 
tei aides w as employed m assays foi piolme, aspartic acid, glycme, and Ij’-sme 

Cysteme w as deteimmed m solutions of vnus by a coloiimetiic piocedure 
mvolvmg the leduction of Folm's uiic acid leagent m the presence of uiea 
(17) The absence of cystme ivas pieviously established foi sei'^eial strains 
bj'' chemical means (6, 12, 18) and can be assumed foi some of the otheis by 
vu tue of the fact that the sulfur piesent can all be accounted foi as cysteine 
In the case of J14D1 stiam, additional tests weie made which showed that 
the coloi obtamed with niti opioisside was not enhanced bj'’ addition of 
sodium cimnide (19) and hence that cystme was absent 

The lesults of the analj’^ses aie presented m Table I, togethei with the 
mean deiiation of the lalues of smgle determmations fiom the aierages 
given The lattei calculation ivas not made m the case of the cysteme 
A^alues because theie was an msufficient numbei of analj^ses in some m- 
stances How evei , no significance is attached to the a aiiations in cj'steme 
values listed m Table I In most of the microbiological assays, three to Aa e 
prepaiations of each stiam aa ere assayed at thiee diffeient levels At le^ 
two prepaiations A\eie analj^zed m eA'eiy mstance The lysme Amlue or 
J14D1 obtamed a\ ith Sti eptococcus faecalis a\ as checked by assa3^ o tw a 
preparations with Leuconosioc mesenteroides Theialues obtamed Avere 
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1 98 and 1 95 per cent, which agiee very well w ith the results obtained with 
Sirepiococcus faecahs 

Chromatography— Qontvaxy to the results of earlier chemical studies (21), 


Table I 


Ammo Acid Content of Highly Purified Preparations of Some Strains of Tobacco 

Mosaic Virus* 


Ammo aC2d i 

Strain 

TilV 

1 .1 

Jl-IDI 

I GA 

! VA__ 

HR 

j CV3 

1 CV-I 

1 It-Dt 

•Uanme 

5 

1 

5 

2 

4 

8 

5 

1 

5 

1 

6 

4 



6 

1 

0 

2 

Argimne 

9 

S 1 

9 

9 , 

10 

0 1 

11 

1 

11 

2 

9 

9 1 

9 

3 

9 

3 

0 

2 

Aspartic acid 

13 

5 

13 

5 i 

13 

4 i 

13 

7 1 

13 

S i 

12 

6 i 


1 

13 

1 

0 

2 

Ci Sterne 

0 

69 

0 

67 1 

0 

64 1 

0 

60 

0 

60 i 

0 

70 

0 

i 

0 

i 



Cj Stine 

0 



i 

0 



i 

0 

1 

0 



1 

0 

i 



Glutamic acid 

11 

3 i 

11 

5 1 

10 

4 

11 

5 

11 

3 

16 

5 

6 

4 

6 

fi ! 

0 

2 

Gl>cine ' 

1 


1 

7 ! 

1 

9 i 

1 

9 

1 

8 

1 

3 

1 

2u. i 

1 

6 1 

0 

1 

Histidine 

0 


0 

i 

0 


0 


0 


0 

72 

0 

i 

0 


0 

01 

Isoleuomet 

6 

6 

6 

7 J 

6 

6 

5 

7 

6 

7 

5 

9 

5 

4 

4 

6 

0 

2 

Leucine 

9 

3 

9 

3 

9 

4 I 

9 

2 j 

9 

4 

9 

0 

9 

3 

9 

4 

0 

2 

Lj sme 

1 

47 

1 

49 

1 

96 

1 

45 

1 

47 

1 

51 

2 

55 

2 

43 

0 

04 

Methionine 

0 


0 


0 


0 

1 

j 

0 


2 

2 

0 


0 


0 

1 

Phenylalamne 

8 

4 

8 

4 

8 

4 

8 

3 

8 

4 

6 

4 

1 9 

9 

9 

8 

0 

2 

Proline 

5 

8 

5 

9 

5 

5 

5 

8 1 

5 

7 

5 

5 



5 

7 

0 

2 

Serine j 

7 

2 

7 

0 

6 

8 

7 

0 i 


m 

6 

7 

9 

3 

9 

4 

0 

3 

Threonine 

9 

9 

10 

1 

10 

0 

10 

^ i 


11 

8 

2 

1 6 

9 

7 

0 

0 

1 

Tryptophan 

2 

1 

2 

2 

2 

2 

2 

1 



1 

4 

I 0 

6 

0 

5 

0 

1 

Tj rosme 

3 

8 

3 

8 

3 

9 

' 3 

7 


m 

6 

8 

3 

8 

3 

7 

0 

1 

Valine 

9 

2 

9 

0 

8 

9 

' 8 

8 

9 

1 

6 

2 

8 

8 

8 

9 

0 

2 


* The values given in the table represent percentages of the indicated ammo acids 
In order to facilitate comparison, the values whicli are considered to differ signifi- 
cantly from those of TMV are in bold-faced type 

t Mean deviation of the values of single determinations from the averages given 
Three to five preparations of each strain were analysed for each ammo acid, with the 
exception of cysteine, and the results were averaged to give the figures presented 
t Towards the end of the present investigation, a purer isoleucme standard be 
came available Assays of TMV in which this standard nas employed yielded an 
average value of 6 6 per cent of isoleucme instead of 8 4 per cent yielded by the 
earlier standard The figures for the other strains which nere obtained ivith the 
earlier standard have been corrected proportionate^ , as should also be the isoleucme 
values given in (20) 


the microbiological assays indicated that TMV contams glycme The 
other stiams exammed also appeared to con tarn this ammo acid While 
there was little reason to suspect the results of the miciobiological assays, 
nevertheless it seemed desiiable, m vieu of the conflict with the chemical 
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data, to seek other evidence which would either confirm oi deny the presence 
of glycme The paper chromatography method of Consden and coworkers 
(22) was selected for this purpose 

600 mg of TMV w'ere hydrolyzed m 10 ml of 2 7 n hydrochloric acid m 
a sealed tube in an autoclat e at 15 pounds pressure foi 11 hours The hy- 
drolysate was tianafeired with washings to an electrodialysis apparatus m 
w'hich the lemoval of most of the hydrochloric acid and the separation of 
the neutial from the basic ammo acids and pait of the acidic ammo acids 
w as effected The mixtuie of ammo acids r em aining m the central cham- 
ber of the electrodialysis apparatus was concentrated %n vacuo to about 1 
ml Tmy drops of this concentrate were applied to the stiips of filter 
paper with a finely drawm capillaiy tube One-dimensional chromatograms 
were made with phenol m the presence of a trace of hydrogen cyamde (22) 
The paper employed was Mu^tell quick filteimg paper, No OB 

Three of the ehromatogiams obtamed are reproduced m Fig 1 These 
demonstrate beyond reasonable doubt the presence of glycme m hydroly- 
sates of TMV 


DISCUSSION 

The microbiological assay methods employed m the present mvestigation 
aie considered to possess an accuracy of ±10 pei cent (23) However, as 
judged by the values given m Table I for the mean deviation of single analy- 
ses from averages, it is apparent that the leproducibility of the mdmdual 
assay values wms, m most cases, considerably better than this For 
example, the argmme values for strams GA and YA were only about 10 
per cent higher than those for TiMV and some of the other strams, but tbe 
reproducibility of this difference was such as to leave little doubt of its 
validity If needed, howeverj confirmation of the existence of this particu- 
lar difference is available m the chemical analyses previously made (5) 
Thus it is believed that the mean deviations presented m Table I provide a 
good estimate of the reproducibility of each analysis and hence a basis for a 
judgment of which of the observed differences are probably significant 

A conversion of the ammo acid percentages mto percentages of amino 
acid residues, that is, ammo acid less the molecule of water lost m the forma- 
tion of a peptide bond, foUow^ed by summation of the results, leads to totals 
which, when added to the approximately 6 per cent nucleic acid of the virus, 
account for about 98 per cent of the various strains, with the exceptions 
of strams CVS and CV4 The total for stram CV4 was about 90 per cen 
Similarly, w'hen the nitrogen contents of the ammo acids of each stram w ere 
totaled and added to the nitrogen of the nucleic acid and the 1 5 
amide nitrogen presumed to be present (24), the sums ranged from a ou 
99 to 102 per cent of the total nitrogen of the strams found by analysis 
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Again the cucumber viruses weie exceptions, the CVS stiam owing partly 
to mcomplete analysis and the CV4stram owmg presumably to the presence 
of ammo acids othei than those for which analyses were made or to the 
presence of unnatural isomei’s Othei evidence suggests the presence of 
uncommon ammo acids m stiam CV4 (12) In general, the two summa- 
tions just described suggest that the present analyses account for all or 
nearly all of the protem of each of the strams with the exception of stiams 
CVS and CV4,* but this pomt will be moie fiimJy established if repeated 
analyses, perhaps with otliei oiganisms or othei metliods, should yield 
essentially the same results In the meantime, howevei, this assumption 
provides a useful basis foi speculation and furthei experimentation 

In the cases of most of the stiams employed m this study, many ammo 
acids were determmed for the first time and hence the results cannot be 
compared with those obtamed previously Values had been obtamed for 
most of the common ammo acids m the case of TMV (24), but these earlier 
figures are, with foui oi five exceptions, consideiably lowei than those found 
m the present assays This is readily explamed by the fact that many of 
the earlier results, which have furnished an excellent foundation for subse- 
quent work, were procured by means of isolation methods which admittedly 
mvolved considerable losses 

The values obtamed by Stokes and collaboratois m tlie miciobiological 
assay of a smgle preparation of TMV for eleven ammo acids (14) agree 
withm about 10 per cent m eight mstances with the average results reported 
herem for analyses of five different preparations of TMV, however, dis- 
crepancies of 20 to 30 per cent are observed m the values for phenylalanme, 
valme, and leucme, and m all of these mstances the present values are higher 
than those of Stokes In the case of valme, determmations kmdly made by 
Dr Stokes on a fresh hydrolysate of TMV provided by the author yielded 
an average value of 8 3 per cent, which is closer to the figure given m Table 
I than to the value previously obtamed by Stokes on the same preparation 
(14) The discrepancies m values for phenylalanme and leucme have not 
yet been resolved, although, as mentioned elsewhere m this discussion, the 
value for phenylalanme given m Table I agrees well with the results ob- 
tamed m many analyses made by a colorimetric method 

Comparisons between chemical and microbiological results can be made 
for aU strams m the cases of the aromatic and basic ammo acids The tyro- 
sme values obtamed by the two methods agree very well, and the micro- 
biological data confiim the absence of histidme from all except one of the 

* This argument is strengthened in the case of TMV by the results of preliminary 
two dimensional chromatographic analyses These have failed to reveal the pres- 
ence in significant amounts of ammo acids other than those for which values are 
recorded in Table I (Kmght, C A , unpublished data) 
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strains The histidine value for the exceptional strain and the argmme 
values obtained by the present assays are somewhat higher than those of 
the chemical analyses, but the nature of the latter procedures was such that 
shghtly low values would be ex-pected The suspected presence of a small 
amount of lysme m the strams (5) was amply confirmed by the present 
assays The microbiological tiyptophan values proved to be very much 
lov er than those obtamed by the glyoxylic acid method (4) , on the other 
hand they agreed very closely, m the case of TMV, with the figures obtamed 
in this and another laboratory by a different chemical procedure (21, 25) 
It seems probable, therefore, that the actual tryptophan content of tobacco 
mosaic virus is about 2 per cent rather than 4 5 per cent, although no ex- 
planation IS yet available for the consistently higher values given by the 
glyoxylic acid method It should be noted, m connection vuth acceptance 
of the lower tr 3 T)tophan values for the various strams, that they presene 
the same relationships to each other as did the higher xmlues and hence the 
conclusions draivn from the earlier data are m no way mvalidated Accept 
ance of the low er tryptophan values, how ever, does necessitate recalcula- 
tions of the previous phenylalanme values, smce these mvolved a correction 
for the tryptophan content of the protem (4) Such calculations yield 
figures rangmg from about 8 7 to 9 0 rathei than about 6 per cent phenjl 
alanme for strams TMV, M, J14D1, GA, and YA, about 6 4 rather than 
4 3 per cent for stram HR, and about 11 rather than 10 pei cent for strams 
CVS and CV 4 These recalculated lesults are m good agreement w ith the 
microbiological assays m most cases, although m only fan agieement m the 
remammg mstances 

Assays with Leiwomstoc mesenteroides mdicated that all of the strams 
contam glycme, although it had been concluded from earlier chemical 
studies that ThlV, at least, w as devoid of this ammo acid (21) Although 
the glycme assay is new and has not been tested as thoroughly as some of 
the othei assays, there appeals to be no good reason for doubting the po=i 
ti\e mdication of the presence of 1 to 2 per cent of glycme m several strams 
Strong support for this conclusion is supplied by the lesults obtamed m the 
apphcation of paper chromatogiaphy to hydiolysates of TMV Thia 
method demonstrated beyond leasonable doubt the piesence of glycme m 
hydrolysates of TMV It is mteiestmg m this connection that TMV ap 
pears to contam a significant amount of strepogenm and that the latter 
presumably a peptide contammg serme, glutamic acid, and glycme (26, 2/j 

It w as thought, before completion of the present anabases, that the dii- 
ferences m protem composition among strams might be confined to certain 
ammo acids wdiich possess the most reactive chemical groups Howeier, 
Table I shows that SLxteen of the nmeteen ammo acids deteimmed werem 
\ oh ed m the differences found It is thus virtually certain that mutation 
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of these viruses cau involve any ammo acid contained m the piotein and 
ma}' even inimlve tlie addition of amino acids which were not pieviously 
present Foi example, tlie HR strain contams histidme and methionme, 
tvo ammo acids vhich are absent fiom the othei strains exammed It is 
necessary to postulate eithei that the strains without histidine and methio- 
nine aiose as a result of loss of these amino acids, perhaps preceded oi fol- 
lowed bj’’ changes m other components, or histidme and methionme ivere 
added to a viius molecule ivhich previously contamed none In any case, 
it appears that mutation of tobacco mosaic virus oi of its strams can be 
accompanied by a change m relative proportion of any of the ammo acids 

In addition to confiimmg all of the previously knoivn differences m com- 
position between the various strains and the typical TMV, the micro- 
biological assays revealed twenty-five new^ ones Most of these w'ere 
found m strains HR, CVS, and CV4, for the results of Table I show 
only two significant differences between TMV and each of. the strams 
GA, YA, and J14D1 No chemical distinction betw'een TMV and M has 
as yet been found In general the lesults strongly suggest that there is a 
defimte correlation between the number of demonstrable chemical diffei- 
ences and the degree of relationship of the virus strams For example, the 
HR strain, which was found to diffei chemically m many respects from 
TiVrV, IS almost certainly a distant relative of the latter m view of the fact 
that variants of its type have never been obsei ved from mutations of TMV, 
although dozens which are representative of other types are readily pro- 
cured (9) Similarly, mutants of strain HR are occasionally observed, but 
these have always resembled stiam HR lathei than TMV or any of the 
mutants derived therefrom - On the other hand, the J14D1 stram, w^hich 
was obtamed from TMV, presumably through twm successive mutations, 
w as found to differ from TMV with respect to only two ammo acids Like- 
wise, the GA and YA strams were found to differ from TMV m only tw o 
respects While the precise relationship of strams YA and GA to TMV 
IS not known, it is undoubtedly close, for closely similai strams are fre- 
quently obtamed as spontaneous mutants of TMV (9) Additional evi- 
dence m support of the view-pomt that distantly related strams of a virus 
possess numerous chemical differ ences is available m the one mstance in 
which two presumably distantly related strains of a virus affecting animals 
were compared (20) 

The findings wuth the J14D1 stram have a beaimg on the question of 
how much change m chemical composition accompanies a single mutation 
Smce this stiam is believed to have arisen from TAIV by two mutations 
and smce two differences in composition were found, it would seem reason- 
able to conclude that each mutation involved an analytically significant 

’ Holmes, F O , personal communication 
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change m piopoition of one ammo acid This hypothesis could be tested 
by isolation and analysis of the fiist mutant as -well as the second Hon- 
evei, the fust mutant m this case (J14 stiam) has been lost, and it uiU be 
necessaiy to isolate a nei\ senes of successive mutants m ordei to make such 
a test 

A comparison of the composition of TiNIV and of J14D1 shovs in a 
strikmg manner hoiv small the chemical diffeiences need be between a 
virus which lolls a given host and one ivhich does not If tliese results 
veie translated to the field of animal vunises, it vould be easy to undei- 
stand the sudden conversion of a i datively mild epidenuc virus to a lethal 
foim Such an event may possibly have occuned m the formation of tlie 
vuus strain lespongible foi the mfluenza pandemic of 1918-19 

No chemical diffeiences between TAIV and AI oi between stiams GA 
and YA weie levealed m the present study The jN'I stiam is knomi to be 
veiy closely i elated to the TAIV stram (8), and m Turkish tobacco it 
frequently mutates to give TAIV oi closely allied stiams Its isoelectiic 
pomt^ and general physical and chemical pioperties aie indistmguishable 
from those of TMV and evidently the chemical difference between them 
must be slight The distmction may reside m a chffeience in ammo acid 
content too small to be detected by the present assays, oi an ammo acid 
may be involved which was not determmed m this in\ estigation An 
alternative hypothesis is that the change mvolves the nucleic acid m some 
obscuie mannei In the case of the pair of stiams YA and GA, an 
analogous situation exists, and mdeed, the GA stram was piocuied from 
stram YA m the same manner that stiam M was obtamed fiom TMV 
The YA and GA strains are so closely lelated that they produce the same 
symptoms m many hosts, but diffei m Tuikish tobacco Even in Turkish 
tobacco, houevei, the symptoms pioduced by the tno strains aie m- 
distmguishable durmg the shoit days of vmtei (28) 

The type of chemical diffeience observed thus far between virus stiams 
is of a soit A\hich vould probably not be obtamed by the dnect action of 
chemical reagents or radiations on the vuus particles themselves That is, 
an mcorporation mto oi removal from the peptide stnictuie of the vual 
piotem of a thousand oi moie ammo acid residues of a particular kmd is a 
type of change vhich one vould not expect to effect duectly by chemical 
action 01 by radiations This may explam the failure, as yet, of attempts 
to produce unequivocal heiitable changes by these means (29-32) Hon- 
evei, this appioach has not been pui-sued exhaustively and may eventually 
succeed In the case of the chemical deiivatnes of TMV, for example, it 
IS possible that the pioper type of substituent lias not yet been select^ 
Also, if radiations are capable of producing mutations in viruses, the 

z Oster, G , to be published 
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nurabci of mutants A\oiiId be expected to be low, and piesent methods of 
testmg foi mutants among stiams of tobacco mosaic vnus aie such that it 
Mould be ditficult, if not impossible, to distinguish small numbeis of in- 
duced mutants fiom the feiv spontaneous ones Mhich aie found in viitually 
eveiy piepaiation of vims Fmally, it can be postulated that small but 
vital changes in the vnus might be initiated by chemical leagents oi la- 
diations and that these would, m the subsequent multiplication of the 
vims pai tides, lesult in secondaiy moie profound alteiations m the pio- 
tem composition The lesults of the amino acid analyses m tivo instances 
discussed above contam a hint that theie may be moie than one type of 
chemical change associated with vnus mutation In this connection it 
should be noted that, while theie is at piesent little diiect chemical evi- 
dence foi the existence of differences among the nucleic acid components 
of stiams of tobacco mosaic vans, this possibility has not been thoioughly 
mi estigated 

It IS a pleasuie to acknowledge the counsel of Di W M Stanley, who 
mitiated studies on the composition of stiams of tobacco mosaic vnus some 
yeais ago, and whose sustamed mteiest has facilitated subsequent piogiess 
in the investigation along these Imes 

SUMJURY 

Chemical and mici obiological assays foi nmeteen ammo acids were made 
on highly puiified prepaiations of eight strains of tobacco mosaic vnus 
One stiam W'as found to contam histidine and methionme, ammo acids 
W'hich aie entiiely absent m the other seven strains In addition, thirty- 
eight quantitative diffeiences m one ammo acid oi another weie found 
among the strains In general, those stiams w'hich, from biological 
properties, appealed to be most distantly i elated to the type stram showed 
the most maiked diffeiences in piotem composition One stram, which 
IS believed to have aiisen fiom the type stiam by twm mutations oi vaiia- 
tions, was found to diffei m composition from the type stram m only tw o 
lespects The suggestion is made that, m some cases at least, mutation 
among tobacco mosaic viiuses involves stepwise changes m ammo acid 
content 
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' EXPL-VNATION OF PLAIE 4 

Pig 1 One-dimensional chromatograms of an electrodialyzed hydrolysate of 
tobacco mosaic virus (TMV) and of some amino acids run in phenol for about 8 hours 
on Munktell qmck filtenng paper. No OB The spots uere developed by spraymg 
the paper with mnhydrin solution and heating A, TMV hydrolysate, B, Ti 
hydrolysate plus glycine (note intensification of glycine spot), C, TMl'^ hydrolysa e, 
D mixture of all anuno acids known to be present in TIVIV except glycine (note c 
absence of a spot in the glycine area), E, TMV liydrolysate, F , glycine, 1 mg per n 
(Photograph by J k Carlilc ) 
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DISTRIBUTION OF A LARGE DOSE OF THYROXINE LABELED 
WITH RADIOIODINE IN THE ORGANS AND 
TISSUES OF THE RAT* 

By J GROSS and C P LEBLOND 
(From the Department of Anatomy, McGill University, Montreal, Canada) 

(Received for publication, July 8, 1947) 

In the past the distiibution of thyroid hormone m the peripheral tissues 
has been determined by chemical and biological methods which were often 
rathei crude and non-specific The chief consistent finding of these early 
investigations vv as that thyroid hormone disappears rapidly from the blood 
and IS fixed in large amounts in the livei (1, 2) The results obtamed by 
vaiious authois m othei organs are somewhat contiadictory and will be 
discussed beloiv It was theiefore considered of inteiest to reexamme the 
problem wuth the use of th 3 TO\ine labeled with radioactive lodme, I^^> 
This method of approach w^as first applied m the rabbit (3-5) Few 
biological results w ere obtamed, the most important bemg the finding of 
radiothyroxme in the liver and hypophysis 5 hours after intravenous m- 
jection (5) 


Methods 

Radioactive iodine (I'’*) was obtained either as iodide from the cyclotion 
of the Massachusetts, Institute of Technology or as a deuteron-bombarded 
tellurium target from the cyclotron of Washington Umversity In the 
latter case, radioiodme was prepaied m the following manner The tel- 
lurium metal was placed in a 500 cc round bottom boilmg flask connected 
to a ground joint incorporating a dropping funnel and fused to a U-shaped 
glass tube The other end of the tube dipped into 2 cc of 60 per cent 
chromic acid so as to trap any fumes evolved m the flask 25 cc of concen- 
trated sulfuric acid were added to the tellurium through the droppmg 
funnel, the flask then bemg vigorously heated The tellurium dissolved 
wuth a red color On bemg boiled further, the solution became colorless 
and a fine wLite precipitate settled out The chromic acid (which trapped 
a not mconsiderable portion of radioactmty) was washed mto the flask, 
which w^as then connected to a Chaney apparatus and distilled accordmg 
to this author’s method (6) The radioactive lodme was received in 
sodium hy dioxide and was therefore av^ailable as iodide 

* Preliminary reports of this work were presented by C P Leblond before the New 
York Academy of Sciences on January 25, 1946, and by J Gross before the American 
Association of Anatomists (Anot Fee , suppl , 97, 339 (1947)) 
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Radioactive thyroxine vas prepared from DL-duodothyronmei by the 
method of Horeau and Sue (3) and mjected mtravenously into rats as a 
famtly alkalme solution To identify the material as thyroxme, it was 
shown (a) that the Kendall-Osteiberg reaction, characteristic of oitho- 
lodmated phenols, vas positive while dnodothyronme does not give this 
test, ( 6 ) that the meltmg point of the material (229-230°) was m the same 
lange as that of commeicial DL-thyio\me and a nuxed meltmg pomt 
showed no depression, the meltmg pomt of dnodothyronme being 216-219°, 
and (c) that the material had a biological activity identical to that of 
thjrroxme, as shown by daily injections of 50 7 of thjToxine for 6 days mto 
thyroidectomized male rats weighmg 130 to 150 gm (Table *1) This 

Table I 

Effect on Oxygen Consumption of Labeled Thyroxine Preparation and Labeled Thyroxine 

Recovered from Feces 


The experimental ammals received doses of matenal eqmvalent in iodine content 
to 50 -y of thyroxine in 0 1 cc of sodium hydroxide solution adjusted to pH S to 9 
There were six ammals in each group 



Oxygen consumption, cc per sq m body 
surface per hr 


Before mjectron period 

At end of miection 
period 

Gontrola (receiving NaOH solution only) 

60 3 ± 2 7 

55 9 ± 1 97 

Butanol extract of feces from labeled thy- 
roxine-treated ammals 

65 5 ± 1 78 

81 3 ± 3 48 

Thyroxine prepared from DL-diiodothyromne 

65 2 ± 2 42 

97 9 ± 4 75 

Commercial uL-thyroxine (Hoffmann- 

La Roche) 

64 3 ± 2 28 

91 6 ± 2 72 


experiment, which was repeated twice with the same results, clearly showed 
that thyroxme prepared from DL-duodothyronme was as active as com- 
mercial th3T:oxme 

Female albmo lats weighmg from 70 to 100 gm weie used m the experi- 
ments on the distribution of labeled thyroxme They were sacrificed either 
2 01 24 horns after mjection All of the blood -was removed from the 
anesthetized ammals as completely as possible by aspiration from the 
inferior vena cava The results (Table II) refer to four groups of two 
each ((a) and ( 6 )), m which the distribution of radiothyroxme w^ 
exammed m detail after administration of doses rangmg from 0 8 to 7 mg 

After the ammals were sacrificed, the organs were removed and weighe 
’ Each organ was then homogenized m 2 n NaOH, 2 cc bemg use or eac 

X Kmdly aupphed by Ho£fmann-La Roche, Ltd , Montreal, through the courtesy 
of Mr Paul Blanc 
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100 mg of tissue Oigans ueighmg less than 100 mg ueie each placed 
m 2 cc of 2 N NaOH The oigans were then heated on a watei bath until 
completely dissoh ed 

Foi the measuiement of ladioactivity on the Geigei countei, 2 cc of the 
solution were e\ apoiated to di 3 mess on a 40 mm watch-glass m an oven 
at 70°, and then placed belon the wmdon of a bell type /3-ray counting 
tube The blood plasma v as calculated as being 2 15 pei cent, the muscles 
50 pel cent, and the lymphatic tissue 0 5 per cent of the body weight The 
othei oigans neie estimated zn iolo The blood cells vere treated aftei 
havmg been n ashed thiee times nith salme Tlie content of the gastio- 
mtestinal tract vas evpiessed fiom the tubes but no washmg of the vails 
vas carried out The Geigei countei leadmgs, which were within the 
lange of the vaiiations of the countei backgioimd, were expiessed as less 
than 3 tmies the standard enoi of the background values (Table II) Foi 
each animal, an aliquot of the injected mateiial w'as plated and counted 
in 2 cc of 2 N NaOH This made possible an estimate of the percentage 
of the injected dose piesent in the organs In addition to the percentages 
of the injected dose pei oigan, the concentrations of radioactivity were 
listed m Table II These were calculated as the ratio of the numbei of 
counts pel mg of oigan weight ovei the numbei of counts injected pei 
mg of body w'eight 

Any remammg quantity of organ solutions was hydrolyzed foi at least 
4 horns more with gentle boding and then shaken with n-butanol accoidmg 
to Blau’s directions (7) The butyl alcohol-soluble fraction was evapo- 
rated, the lesidue being taken up in 2 n NaOH and counted In the case 
of the smaller organs, the matenal was w^ashed off the watch-glass used foi 
countmg it and hydrolyzed as above It has been mdicated (8, 9) that 
such methods permit the recovery of 74 to 84 pei cent of added thyroxine 
In spite of expected low lecoveries, the sepaiations were carried out and 
may be taken to indicate the general trend of the lesidts The sepaiation 
results obtained fiom the animals given 0 8 mg of thyroxme (Table III) 
were simdai to those found in other groups 

The radioactivity in the combmed alkalme w'ashmgs was identified as 
iodide by the follow mg method 50 mg of mactive potassium iodide were 
added to the washmgs, wdiich were then neutralized with concentrated 
mtnc acid and precipitated with a 10 pei cent solution of silver nitrate m 
2 pel cent mtnc acid Under these conditions, iodide, but neither diiodo- 
tyrosme nor thyroxine, is precipitated The precipitate was washed with 
ammoma to remove chlorides and counted Thus by applymg this teeh- 
mque to the alkaline fractions of stomach and urine, it could be show’n that 
the radioactivity existed predommantly as iodide 

In order to analyze the role played by the various sections of the gastro- 
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Table II 

Localization of sh-Thyroxine Labeled with 
Concentration = (I*^^ per mg organ weight)/(I*^i per mg body weight) 

(o) and (6) refer to values found in two separate ammals for each dose at each tune 
interval, the results on eight separate ammals being given in the table Values 
preceded by < were used for those organs whose radioactive content was less than 
3 times the standard error of the background counting rate 


24 hra after toxine injection 



2 hrs after thyroxine injection 

*• 

2 mg 

0 8 mg j 

Per cent of 
injected dose 

Concen 

tration 

Per cent 
of 

injected 

dose 

— 

Concen 

tration 


Blood plasma 

Gastrointestinal 

tract 

Stomach 

“ content 

Duodenum 

Duodenal 

content 

Jejunoileum 

“ content 



Colon-cecal 

content 

Feces 

Glands related 



0 16 
0 07 
0 17 
0 13 
0 03 I 
0 04 
0 008 
0 008 
0 47 
: 0 34 
0 16 
0 20 
0 12 
0 12 
0 25 
0 97 
66 50 
70 50 


2 16 8 30 1 85 

3 40 8 05 1 98 

0 41 0 03 0 08 

0 54 0 03 0 06 

0 28 0 006 0 03 

0 52 0 007 0 04 

0 28 <0 002 <0 05 
0 46 <0 003 <0 07 
0 32 <0 002 <0 07 

0 003 0 03 
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Table ll~Concluded 



2 hrs after thyroxine injection 

24 hrs after thyroxine injection 


2 ms 

0 8 

0 8 mg 

7 ms 





Per cent 


Per cent 





Per cent oi 

Concen 

of 

Concen 

of 

Concen 




injected dose 

(ration 

injected 

(ration 

injected 

tration 

injected 

traCioQ 





dose 


dose 


dose 


Unnary system 











Kidneys 

(a) 

0 61 

0 66 

0 95 

1 09 

0 31 

0 34 

0 

26 

0 25 


0) 

1 43 

1 51 

2 49 

2 00 

0 27 

0 32 

0 

23 

0 19 

Urine 

(a) 



0 SO 


13 10 


3 

13 



(&) 



6 10 


26 30 


3 

44 


Endocrine 











glands 











Thyroids 

(a) 

0 12 

40 30 

0 09 

1 21 

0 25 

28 86 

0 

03 

3 38 


Q>) 

6 15 

11 20 

0 06 

5 10 

0 25 

22 50 

0 

06 

3 13 

Adrenals 

(a) <0 02 

<0 49 

0 01 

0 35 

0 010 

0 30 

0 

010 

0 28 


(6) <0 02 

<0 51 

0 04 

0 80 

0 006 

0 30 

0 

007 

0 15 

Ovaries 

(a) 

0 OSO* 

1 go 

0 02* 

0 40 

0 002 

0 13 

0 

01* 

0 31 


(6) <0 02 

<0 13 

0 005 

0 42 

0 004 

0 21 

0 

01 

0 IS 

Pitmtary 

(o) <0 02 

<2 74 

<0 002 

<0 54 

<0 002 

<0 45 

<0 

004 

<0 55 


(6) 

<0 02 

<4 39 

<0 002 

<0 52 

<0 003 

<0 56 

<0 

003 

<0 49 

Lymphatic 











system 











Spleen 

(«) 

0 50 

1 16 

0 51 

0 60 

0 72 

0 96 

0 

28 

0 27 


ib) 

0 69 

1 34 

1 75 

0 59 

0 50 

0 62 

0 

27 

0 20 

Ljraph nodes 

(a) 

0 16 

0 14 



0 09 

0 19 

0 

03 

0 07 


(6) 

0 15 

0 29 

0 28 

0 57 

0 18 

0 36 

0 

04 

0 08 

Th3Tnus 

(a) 

0 02 

0 10 

0 03 

0 12 

0 06 

0 18 

0 

004 

0 03 


(6) 

0 04 

0 10 

0 04 

0 27 

0 007 

0 02 

<0 

003 

<0 009 

Lungs 

(a) 

2 00 

3 S3 

1 72 

2 58 

0 41 

0 39 

0 

13 

0 18 


(b) 

0 70 

1 15 

1 41 

0 97 

0 28 

0 35 

0 

04 

0 05 

Skin 

(«) 

1 97 

0 19 

5 94 

0 41 

1 15 

0 09 

0 

63 

0 04 


(b) 

3 54 

0 32 

4 55 

0 38 

1 31 

0 08 

0 

51 

0 02 

Skeletal muscle 

(a) 

6 60 

0 14 

7 a) 

0 16 

1 14 

0 02 

0 

81 

0 02 


(b) 

13 30 

0 26 

18 50 

0 38 

1 33 

0 03 

<1 

59 

<0 03 

Cardiac muscle 

(a) 

0 07 

0 24 

0 21 

0 50 

0 02 

0 06 

0 

03 

0 04 


(b) 

0 10 

0 30 

0 20 

P 44 

0 02 

0 06 

0 

03 

0 04 

Uterus 

{«) 

0 03 

0 13 

0 05 

0 24 

0 002 

0 04 

0 

007 

0 05 


(b) 

0 02 

0 24 

0 04 

0 78 

0 004 

0 08 

0 

004 

0 03 

Background 


20 

20 

29 

26 

27 

25 

14 


17 



±3 2 

±3 2 

±2 6 

d=2 84 

±2 8 

±2 9 

±3 

8 

±3 4 


• Corpora lutea present 

mtestmal tract m secreting the large amounts of tht-roxme found in the 
intestinal lumen, t'wo groups of adult male rats t\ere used, one group con- 
sisting of mtact control animals, the other bemg treated as follows 2 
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Table III 

Separation of Thyroxine in Organs of Animals Treated with 0 8 Mg 
of Labeled Thyroxine 



Per cent of radioactivity 
recovered in butyl fraction 

Calculation of per cent of 
injected dose recovered 
as thyroxine 

2 brs 

24 hrs 

2 hrs 

2this 

Plasma 

25' 

54 

0 51 

0 09 

Gastrointestinal tract 





Stomach content 

S 

30 

0 31 

0 04 

Jejunoileal content 

72 

69 

6 63 

0 25 

Colon cecal “ 

52 

81 

0 28 

0 49 

Feces 


52 


35 40 

Glands related to gastrointes- 

1 




tinal tract 


1 



Liver 

77 

63 

13 13 

5 15 

Pancreas 

42 

50 

0 08 

0 02 

Urinary system 





liidney 

64 

48 

1 10 

0 14 

Urine 

2 

15 

0 01 

2 Sfl 

Skeletal muscle 

93 


12 55 



Table IV 

Distribution of Large Dose of Thyroxine (1 4 Mg ) after Separation of Segments of 
Gastrointestinal Tract and Partial Pancreatectomy in Male Rats 



Bodj 

Ts eight 

Liier 

Plasma 

Pan 

creas 

Per cent of injected dose in wall 
and contents 

Per cent 
of in 
lected 
dose m 
li\cr 

Concen 

tration 

as 

labeled 

I 

Per cent 
of m 
jected 
dose m 
total 
plasma 

Concen 

tration 

as 

labeled 

I 

Concen 

tration 

as 

labeled 

I 

Stom 

acb 

Duode 

num 

Jejuno- 

ileum 

Colon 




per 


mg per 

mg per 








100 gm 


100 gm 

100 gn 





normal controls 

298 

22 5 

1 0 

3 1 

0 22 


2 0 

8 1 

39 2 1 



269 

is 3 

1 0 

3 4 

0 27 

0 32 

13 2 

8 7 




352 

15 8 

0 6 

2 7 

0 16 


9 1 

16 8 

34 8 

m 

Average 



0 9 

m 


0 IS 

m 

11 2 

31 4 

10 

Ligated 

308 

34 8 

1 3 

\ 8 0 

0 56 

0 30 

1 1 

0 4 

2 9 

1 s 


256 

23 2 

■Q 

5 4 

0 45 

0 21 

1 3 

0 2 

2 8 



291 

33 9 

in 

7 4 

0 55 

0 25 

1 3 

0 5 

2 9 

1 1 


320 

30 S 

1 1 

7 2 

0 54 

0 20 

1 2 

0 4 

2 5 

1 1 

Average 

293 


1 2 




1 2 

0 4 

2 8 

1 1 


months before the opeiation, the animals had been partialli’" panc^^ 
tectoimzed (about 75 pei cent of the pancreas being removed) Fiod er 
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more, immediately before the injection of radiothyroxme, ligatures were 
placed about the bile duct, pjdouis, duodenojejunal junction, and ileocolic 
jimction The ammals weie then intravenously injected with 1 4 mg of 
labeled thyroxine and sacrificed 2 hours later (Table IV) 

Results 

The figures obtained for the localization of labeled thyroxme (Table II) 
showed first that the ladioactmty rapidly disappeared from the blood, 
smce the whole plasma contamed only about 1 to 2 per cent of the injected 
dose of thyroxme 2 houis after mjection, and 0 1 per cent 24 hours after 
mjection Furthermore, only a fraction of this radioactivity was present 
m a butanol-soluble form, bemg presumably thyroxme (Table III) The 
amount found m blood cells was very min ute 

The liver fixed a consideiable portion of the mjected dose, namely, fiom 
9 to 24 per cent at 2 hours after injection By the 24th hour, there was a 
moderate decrease to 4 to 8 pei cent At both time mtervals, the radio- 
activity was predommantly m the form of thyroxme The fixation of 
thyroxme by the liver occimed rapidly, smce 21 per cent of the mjected 
dose w'as once found m the liver of an animal dying at the end of a 10 minute 
mtravenous mjection It may also be emphasized that the concentration 
of radioactivity m the liver was greater than in any other oigan at 24 hours 
after injection 

The mam result of these experiments was the findmg of a very high 
proportion, usually about 50 per cent, of the injected dose m the vaiious 
parts of the gastrointestinal tract 2 horns after mjection, the most notable 
concentration bemg found m the jejunoileum At 24 hours after mjection, 
thyroxme had almost completely vamshed from the gastromtestmal 
tract, except for the colon in one case In contrast, at that time interval, 
the feces showed a very high concentration, smce they contamed from 66 to 
95 per cent of the mjected dose In the jejunoileal and colon-cecal contents 
as w’ell as m the feces, more than half of the radioactivity was present as 
thyroxme On the other hand, almost all of the radioactivity m the 
stomach was m the form of iodide precipitable by acid silver mtrate 

The kidney contamed a moderate concentration of radioactivity as 
thyroxme, which decreased relatively slowly over a 24 hour period How - 
ever, the appreciable amount of radioactivity present m the urme was 
mostly m the form of iodide It may be emphasized that the concentration 
of radioactivity found in secretory glands such as pancreas, submaxiUary, 
etc , at 2 hours after injection had decreased considerably by the 24th 
hour This was also true of skm, muscles, and uterus On the other hand, 
the concentration of radiothyroxme decreased less rapidly between the 
2nd and 24th hours after injection m the lymphatic organs spleen, thymus, 
and lymph nodes 
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The adrenals, and to a smaller extent the ovaries, also mamtained their 
concentrations of radioactivity until the 24th hour after mjection With 
the exception of one animal in a recent series (not reported m Table II), no 
detectable amount of radioactivity could be found m the pitmtaiy gland 
In this one animal sacrificed 2 hours after the injection of 3 mg of ladio- 
thyroxme, 0 001 per cent of the mjected dose was found in the hypophysis, 
the concentration latio bemg 0 21 The behavior of the thyroid gland was 
variable If the animals that received 0 8 mg of ladiothyroxine were 
compared, 0 09 and 0 06 per cent of the dose was found 2 hours after in- 
jection and the values -went up to 0 25 per cent at the later time inteival 
Counts obtamed on the hypothalamic region m the four animals receiving 
0 8 mg were at the limit of statistical significance In nervous tissue, 
both isolated gray and w'hite matter showed veiy low amounts of ladio- 
actmty Miscellaneous organs such as lacrimal glands, lens, choiioid, 
bladder, vagma, aorta, trachea, testis, bone, etc , showed low counts 
which in most cases w'ere at the lunit of statistical significance 

The second senes of expeirments was carried out m order to decide in 
which part of the digestive system thyroxme w'as excieted durmg the first 
2 hours after mjection (Table IV) Aftei separation from the other 
sections of the mtestme by ligation, the jejunoileum contamed only fiom 
2 to 3 pel cent of the mjected dose of radioactivity, instead of 20 to 40 per 
cent found m the mtact control animals Separations carried out on this 
organ m the ligated animals showed that most of the radioactivity was 
present as thyroxme Similarly low^ values w'ere observed m the stomach 
but the radioactivity was mostly present as iodide The amount and 
chemical form of the radioactivity present at 2 hours after mjection in 
the large mtestme w^ere not affected by the experiment 

Frnally, the possibility that an inactive form of thyroxme was bemg 
excreted mto the gastiomtestmal tract was exammed by testmg the bio- 
logical actmty of butanol extracts of feces from thyioxme-treated ammals 
Eats were given 5 mg of thyroxme prepared from diiodothyxomne in the 
usual manner The feces w ere collected and extracted wath butanol Tlie 
butanol was evaporated and the residue assayed on thyxoidectomi^ 
male rats The ammals treated with this material (Table I) showed a 
significant mcrease m oxygen consumption, this increase bemg somew'ha 
less than that obtamed w ith an amount of synthetic thyroxme of equa 
lodme content 


DISCUSSION 

From the outset it must be realized that the doses used in this m\ 
tion resulted m concentrations m the organs much above the physio o^ic ^ 
range Howexer, cunent work with physiological amounts of thynoxin 
(1 y and less) indicated a similar trend of distribution 
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The rapid disappearance of radiothyroAine from the blood stream con- 
firmed results previously obtained with thyroid preparations (10-13) and 
thyroxine (14-16) However, ivhen thyroxine was incubated with blood 
in Vitro, none of its activity was lost (17) Therefore, the disappearance of 
thyroxine fiom the plasma was not due to its destruction there, but to its 
withdrawal from the blood by organs and tissues 

The large amounts of radioactivity found in livei and the gastromtestmal 
tract demonstrated that these organs played a predominant role in the 
disposal of the blood thyroxme The ligation experiment (Table IV) in- 
dicated that the stomach, jejunoileum, and colon-cecum were able to 
excrete thyroxme themselves, but only in small amounts The large 
amounts found m normal animals must, theiefore, be supplied by the 
accessory digestive glands, liver and pancreas The role of the pancreas 
is not important, because despite the presence of about 25 per cent of the 
gland in the partially depancieatized animals, very little thyroxme was 
found in the duodenum The liver must, theiefore, be the source of the 
bulk of the mtestmal radioactivity This w as also shown by the mcreased 
amount of ladioactn ity which accumulated in the hvei nhen bile excretion 
was pievented (Table IV) This conclusion nas m keepmg nith the 
general finding of laige amounts of thyroid hoimone m the livei after m- 
jection of thyroid extract (10, 11, 13, 18), but especially after admmistration 
of thyroxine (19) (see also Tables II and IV), as n ell as with the elimination 
of thyroxme through the bile reported by other authors (14, 19-23) 
Thyroxme detoxification in the In ei has been shon n by the fact that partial 
hepatectomy enhanced the activity of thyioxine (24) The action of the 
liver on thyioxme vas apparently to excrete some of this substance un- 
changed through the bile, and possibly to bieak donn some of it, with the 
liberation of iodide (25) 

The excietion of veiy large amounts of ladioactivity m the feces (up to 
90 per cent of the injected dose nithm 24 hours) must be emphasized, 
since this fact, although mentioned in the literature (19, 21), has not 
received much attention and the magnitude of the phenomenon had not 
been realized The present results demonstrate that thyroxme itself is 
excreted m the feces, since half of the fecal radioactivity w as soluble in 
butanol and this butanol ex-tiact had a defimte biological actnity (Table 
I) However, the biological action of a butanol extract contammg the 
same amount of iodine as 50 y of thjnoxme was sigmficantly less than that 
of this amount of thyioxune either prepared by us oi obtained from Hoff- 
mann-La Roche This difference may be due to some mactue lodme 
compound being extracted together Avith the thyroxme, or the fecal extract 
might have a toxic effect causmg a diminished metabolic response to 
thyroxme 

At any rate, the comparison of the 2 hour and 24 hour results (Table II) 
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indicated that the thyroxme excreted at first into the lumen of the mtestme 
found its way mto the feces This interpretation was complicated by the 
fact that the gastrointestmal system reabsorbs thyroxme from its lumen, 
as IS shown by the well known efficacy of oral treatment with thyroxme 
and by experiments demonstratmg the resoiption withm 12 hours of 90 per 
cent of the th3T:oxme injected mto isolated intestinal loops (21) Con- 
sequently, there must be a constant transport of thyroxine mto and out of 
the mtestme That the excretion process predommates is shown by the 
high thyroxme content of mtestmal lumen and feces 
In contrast to fecal excretion, which deals to a large extent with thjroxme 
itself (Table III), urmary excretion dealt with degradation products of 
thyroxme, smce almost all of the radioactivity m the urme was extracted by 
butyl alcohol and could be identified as iodide Reports in the literature 
state that, after mjection of thyroxme mto rats, no lodme is found in their 
urme (19), while m dogs, there was some lodme, but it was not biologically 
active (14) It may be concluded that there was little or no excretion of 
thjrroxme m the urme, but an appreciable elimination of iodide onginatmg 
from thyroxme degradation In contrast, a fan amount of butanol-soluble 
radioactivity was present m the kidney The presence of thyroxme m this 
organ may be best explamed by the tubular resorption of thyroxme from 


the glomerular filtrate 

The organs that fix the radioactivity may be divided mto two gioups, (a) 
those showmg an imtial high concentration which fell rapidly with tune, 
and (6) those m vhich the concentration decreased relatively slovly with 
tune In the first group v ere foimd the gastromtestmal tract and its asso 
ciated glands (pancreas, salivaiy glands, etc ) In the second group vere 


found the liver, lungs, adrenals, ovaries, kidneys, and lymphatic tissue 
The organs vhich are known to be influenced by thyroxme may belong to 
eithei category Thus the first group mcluded the pancreas, which vas 
markedly mcreased m weight and showed a stimulation of secretion under 
thyroxme (26), and the gastromtestmal tiact and salivary glands, whic 
T\ ere apparently unaffected by thyroidectomy or by thyroxme treatmen 
(27) The second group mcluded liver, adrenals, ovaries, and kidneys, 
which vere modified by thyroidectomy or thyroxine treatment, as ve as 
limgs and lymphatic tissue which were not directly affected (27) 

In the case of the pituitary gland, a significant amount of radioactivi y 
was detectable m only one animal, the concentration bemg rather ow 
This v as m accord v ith recent results m v hich no lodme could be detec e ^ 
in the human hypophysis and only extremely minute amounts m the ee 
gland (28) These results indicated that with these doses of 
there n as no electree fixation of radioactix e thyroxme m the pituitary o 
rat, contrary to the results foimd m the hypophysis of the rabbit ( ^ 
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111 the four ammals givea 0 8 mg of radiothyroxme no significant fixation 
m the hypothalamic region could be detected either 

It IS of mterest to mention that on adding the amounts of thyroxme le- 
■co\eied by butyl extraction from aU oigans and excreta, one could calculate 
that about 65 per cent of the mjected dose was still present as thyroxme at 
2 hours after injection and 46 per cent at 24 hours It must be remembered 
that the figures obtamed mth the butanol extraction of thyroxme are ap- 
proximately 15 per cent too low Therefore, these results roughly mdieated 
that about one-fourth of the thyroxme was destroyed withm 2 hours after 
mjection and about one-half withm 24 hours after mjection The degrada- 
tion of thyroxme yielded iodide, as is shoivn by the presence of large 
amounts of iodide in mine and gastiic jmce, m which mjected iodide is 
known to be excreted (29) 

The figures obtamed for the radioactivity concentration m the thyroid 
suggested that the concentration increased with time, at least m the animals 
given 0 8 mg of thyroxine It is likely that the iodide gradually released 
fiom the breakdown of thyroxme was taken up by the gland However, 
the results did not eliminate the less likely possibility that some of the thy- 
roxme entered the gland as such 


SmiMAEY 

1 DL-Thyroxme contammg 2 atoms of radioactive iodine in the 3' and 5' 
positions has been prepaied This material has been shonm to be chemi- 
cally and biologically indistinguishable from commercial DL-thyroxme 

2 This radioactive thyroxine has been admmistered m large amounts to 
young female albmo lats and its distribution at 2 and 24 hours examined m 
over forty organs and tissues In many of these the mjected thyroxme has 
been recovered by n-butanol extraction 

3 As early as 2 hours after the administration of labeled th 3 Troxine, not 
more than 2 per cent of the radioactivity is detectable in the entire volume 
of ciiculatmg plasma, while more than 50 per cent of it can be detected m 
the gastromtestmal tract, Iivei, and pancreas, mainly in the form of thy- 
roxme, except m the stomach, where it may be demonstrated as iodide 
Other organs showing sigmficant concentrations are the kidneys, lungs, ad- 
renals, ovaries, and lymphatic tissue 

4 At 24 hours after admmistration of labeled thjTroxine, an average of SO 
pei cent of the mjected material may be found m the feces, to a great extent 
biologically unchanged, while an average of 11 per cent of the dose can be 
demonstrated as inorganic lodme m the urme The liver, kidneys, adrenals, 
ovaiies, and lymphatic organs tend to mamtam their concentration ot radio- 
activity at tins time interval 

5 The loute of entiy of thyroxme into the gastromtestmal tract was 
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shown to be mostly via the liver and bde, as ligation of the bile duct and 
segments of the gastrointestmal tract resulted m an mcrease m the radio- 
activity of the liver and the blood, with a correspondmg marked decrease 
in the radioactivity found m the mtestme 

6 Approximately 25 per cent of a dose of th 3 TOxme of 0 8 mg or more is 
destroyed m 2 hours and 50 per cent m 24 hours In addition, by 24 hours 
80 to 95 per cent of the mjected dose has been ehmmated from the body 
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^VSPERGILLIC ACID AN ANTIBIOTIC SUBSTANCE 
PRODUCED BY ASPERGILLUS PLAVUS 

I GENERAL PROPERTIES, FORMATION OF DESOXYASPERGILLIC 
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The discoteiy by White (1) m 1940 that a strain of Aspergilhis flavus, 
growing in surface culture on a tryptone-salt medium, produced a highly 
bactericidal filtrate from which White and HrU m 1943 (2) were able to 
isolate the actn e material m crystallme form added another member to the 
mcreasmg group of chemically and biologically inteiestmg antibiotic com- 
pounds Because the mode of isolation mdicated that it was an acidic 
compound, it w as named aspergilhc actd ^ White and Hill reported studies 
of its antibiotic properties and its animal toMcity and listed a few of its 
physical and chemical properties 

Usmg a selected variant of White’s stram of Aspergillus flams, Jones, 
Rake, and Hamre (8) w ere able to obtam mcreased production of aspergiUic 
acid by the mold, and a modification of the isolation method of White and 
Hill was devised by Menzel, Wmterstemer, and Rake (9) A prelimmary 
report summaiizmg the results of the mvestigation of the structure of as- 
pergiUic acid w as made m 1944 by Dutchei and Wmterstemer (10) Other 
reports have appeared concemmg the production of antibactenal substances 
by Aspei gillus flavus in suiface culture, but it is piobable that m most cases 
the substance is aspergillic acid or a mrxture of aspergiUic acid and 
the higher meltmg hydroxyaspergillic acid discovered by Menzel, Wmter- 
stemer, and Rake (9) m culture filtrates of Aspergillus flavus grown on a 
medium contammg brown sugar Glister (11) isolated an active substance 

^ There is some confusion in the literature concermng the naming of this substance 
White, the discoverer, refrained from calling it “aspergilhn” in the manner after 
penicillin because of the preempting of this name by the pigment of Aspergillus niger 
Later workers have been less fastidious, however, and have applied the term “as- 
pergillin” to active materials from Aspergillus fladps and other Aspergtllt, Bush and 
Goth (3) imtially called their substance aspergilhn but later recogmzed it as asper- 
gillic acid, Stanley (4) designated the active substance produced by an umdentified 
Aspergillus strain as “aspergilhn” but has subsequently reported (5) that this com- 
pound IS identical with gliotoxin, stiU another crude product, obtained from Aspergil- 
lus fumigatus bj Soltys (6), has been called "aspergiirm” but it appears hkely from 
the latest report (7) that this product is helvohc acid (fumigacm) 
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from the culture filtrate of an umdentified mold The identity of this sub- 
stance with aspergdhc acid was shown by comparison of the physical prop- 
erties and biological activity (9) Bush and Goth (3) and Bush, Dickison, 
Ward, and Avery (12) have exammed the material produced by a strain of 
Aspergillus flavus and report that m the mam the active substance is as- 
pergiUic acid A recent note by Salvm (13) reports a crystalline antifungal 
and antibacterial substance produced by a stram of Aspergillus flavus which 
appears to be similar to but not identical with aspergillic acid, 

The production and isolation of aspergilhc acid has been earned out in 
various ways, w'hich are summarized in the experimental section The 
present paper desciibes m greatei detail the physical properties of pure 
aspeigiUic acid and presents some of its unusual chemical reactions and the 
conclusions concemmg its structure which have been made on the basis of 
these findings 

Pure aspergiUic acid ciystallizes as clusters of pale yellow, elongated rods, 
possessmg a characteristic odor suggestive of black walnuts, the melting 
pomt detenmned m a capillary tube is 93°, the specific rotation m ethanol is 
[a]n* = -+-12° (±3°) Aspergilhc acid is soluble in most orgamc solvents, 
but has very low solubihty m water Analysis and molecular weight de- 
termmation established the formula of aspeigillic acid as CiaHwOsNs Its 
acidic nature w as demonstrated by its solubility m dilute sodium hydi oxide 
01 sodium carbonate solution, and it could be titrated m alcohohe solution 
with phenolphthalem as mdicator Electrometric titiation showed the 
pK'a to be 5 3 The silvei salt W'as obtamed as colorless plates from alcohol 
and the copper salt crystallized as grass-green rectangular leaflets The 
substance also has weakly basic properties, as is demonstrated by the forma- 
tion of a crystalhne hydrochloride m anhydrous medium and the formation 
of a erj’^staUme salt with 3 , 5-dimtrobenzoic acid 

The ultraviolet absoiption spectium- of aspeigillic acid m various sol- 
X ents IS shown m Fig 1 

The exammation of this antibiotic substance revealed the foUowmg 
eities (1) It contamed nomethoxyl or methyl rmide gioups butyielde 
moles of acetic acid in the Kuhn-Roth deteimmation of C-methyl groups 
(2) It was mdifferent to caibonyl reagents, except that it formed a crysta 
Ime salt wuth phenjdhydrasnne m alcoholic solution (3) It could not e 
acylated by any of the usual procedures (4) It reacted m ethereal solution 
wnth diazomethane w ith the formation of a neutral non-crystalhne pro uc 
(5) It gave an mtense led color upon treatment of a methanolic solution 


^ All of the ultraviolet absorption spectra given in this paper ivere deterimne 
Dr Nettie Coy of the Squibb Biological Laboratories, for whose 
interest in interpreting the ultraviolet absorption data obtained during t e inves o 
tion of this compound the author evpresses sincerest gratitude 
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With feme chloride (6) It did not react with bromine in carbon tetrachlo- 
ride or glacial acetic acid solution, but reacted readily with bronune water 
(7) It did not reduce Fehlmg’s or neutral permanganate solution (8) It 
was mdifferent towards phenyl isocyanate (9) It was recovered un- 
changed after long penods of refluxmg ivith strong alkali or acid (10) It 
did not react n itli mtrous acid 



Fig 1 Ultraviolet absorption spectrum of aspergillic acid in ethanol (Oli pH 7 0 
buffer (□), hexane (X), 0 1 n HCl (A) 

It was at first felt that the 2 oxygen atoms of aspergillic acid n ere present 
as a carboxyl group, but the attempt to decarboxylate it by means of dry 
distillation m the presence of copper chromite catalyst (14) led unexpectedly 
to the formation of a neutral, optically active product with the same number 
of carbon and hydrogen atoms but with 1 less oxygen atom, CuHmN’jO 
This product possessed essentially the same ultraviolet absorption spectrum 
as aspergillic acid, as is shown m Fig 2 Such a reaction could not be ex- 
plamed by the existence of a carboxyl group m aspergilhc acid and the 
acidity must therefore be due to some other groupmg Two of the reac- 
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tions previously mentioned, the deep red coloration with ferric chloiide aad 
the formation of a green cupric salt, suggested that aspergiUic acid nught 
possess a hydroxamic acid type of groupmg as is shown in Formula I 

— N— C— 

I II 

OH O 

(I) 



To'confirm this postulation, and m the hope of obtainmg better yields, o 
methods of pieparation of the neutral product, Ci2H2oN;0, which w as c 
desoxijaspergilhc acid, were sought It is w ell knowm that hy^oxy g 
„„ „.t. ogen are easjy replaced by hydrogen by a r arrety o reducm«enb, 
and, hence, several reductions of aspeigilhc acid w ere tried ^ o r 

as effected by catalytic hydrogenation m either alcoho yoric 

; there any reduction by stannous chloride in concentrated hydr 
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acid solution Hoi\ever, when aspergillic acid was treated with zinc --in 
acetic acid solution, reduction did occui, as was shown by the loss of the 
yelloiA color and the disappearance of the feme chloiide color reaction 
The product isolated from this reduction was not desoxyaspergillic acid, 
however, but a low meltmg, weakly basic substance which formed a crystal- 
Ime hydrochloi ide The analysis of this compound agreed with the formula 
C12H21N2O HCl It was therefore the hydrochloride of tetrahydrodesoxyas- 
pergillic acid, the zme and acid conceivably havmg reduced a pair of double 
bonds m aspergillic acid m addition to removing the hydroxyl group from 
the nitrogen atom This reduction of the unsaturated linkages of 
aspergillic acid was fuither attested by the absence of any specific absorp- 
tion m the ultraviolet by tetrahydrodesoxyaspergillic acid (Fig 2 ) In 
contradistmction to aspergillic acid, desoxjmspeigillic acid could be reduced 
cataljdically with platinum and hydrogen to yield, by the absoiption of 2 
moles of hydrogen, tetrahydrodesoxyaspergiUic acid, identical with the 
product obtamed by zme and acetic acid reduction of aspergillic acid 

Tw 0 methods w'ere found, however, w hich reduced aspergillic acid only as 
far as desoxyaspergillic acid, the first ivas reduction w'lth hydriodic acid in 
acetic acid solution and the second was the tieatment with hydrazme at 
elevated tempeiatures Both of these reactions also w eie found capable in 
model expenments of effecting the reduction of other hydroxamic acids to 
the coiTesponding amides 

The stability of both aspergillic acid and desoxyaspeigillic acid to acidic 
and alkalme hydrolysis mdicated that the hydroxamic acid grouping could 
not be of simple aliphatic nature, smee such groupmgs are rather readily 
hydrolyzed or undergo rearrangement It was necessaiy therefoie to con- 
ceiy;e of this groupmg m aspergillic acid as pait of a heterocyclic system 
Only two other compounds of this type have been leported m the chemical 
literature, these are the oxycarbost3Til of Fiiedlander and Ostermaier ( 15 ), 
Formula II, and the carboxyoxycarbostyril of Heller and Wimderhch ( 16 ), 
Formula III The maiked similarity of the piopeities of aspergillic acid 
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to those described for the above compounds offers convmcmg confirmatory 
evidence for the presence of such a groupmg m the molecule m question 

The nature of the carbon and nitrogen atoms other than those of the 
hydroxamic acid group of aspergillic acid remained to be demonstrated 
The function of the 2nd mtrogen atom could not be that of a primary amme 
m view of the weaJc basicity and failure to react with nitrous acid, nor could 
it be substituted by lower alkyl groups m view of the absence of any volatile 
halides m the methyl imide determmation Thus it appeared likely that 
this mtrogen too was present m a heterocyclic system Furthermore, it 
followed from a consideration of facts already mentioned (mdifference to 
potassium permanganate and bromme, resistance to hydrolysis, formation 
of a tetrahydro derivative) that the two double bonds demonstrable by re- 
duction must be present m a six-membered aromatic systpm, z e m a dia- 
zme nucleus 

The ultraviolet absorption maximum at 325 mu which both aspergillic 
and desoxyaspergiUic acid exhibited was not characteristic of any of the 
monooxypyrimidmes, none of which had maxima beyond 290 m/i As no 
ultraviolet data for 0X3rpyridazmes or oxyp3Tazmes could be found m the 
literature, the synthesis of model compounds was undertaken 

On the assumption that a pyrazme structure, rather than a pyridazme, 
was more probable for a naturally occurrmg substance, a-p 3 Tazone (pyia- 
zmol-2, hydroxypyrazine) was prepared from 2-aimnopyrazme, and its 
ultraviolet absorption spectrum was obtamed As is shown m Fig 2, this 
absorption curve resembles closely that of aspergiUic acid, and m view of 
this similarity a tentative structure for aspergillic acid was formulated 
which mcorporated the features of a hydroxamic acid m a pyrazme rmg 
Such a structure, shown m Formula IV, would account for the 2 mtrogen 
atoms m aspergilhc acid, 1 m the hydroxanuc acid group and the other as a 
weakly basic heterocyclic one Both oxygen atoms are accounted for by 
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the hydroxamic acid group, and the a-pyrazone nucleus 
ultraviolet absorption as weU as for the two double bonds indicated y 
formation of the tetrahydro product Subtraction of the elements o 
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nucleus, C4H4N2O2, from those of aspergiUic acid, C12H20N2O3, leaves simply 
an aliphatic residue, CsHis 

In the light of reactions which will be described m detail m the foUowmg 
paper, it appeared that there were two alkyl groups attached to the a-pyra- 
zone nucleus, smce only one position was free for substitution The fact 
that aspergilhc acid is optically active requned that at least 1 asymmetric 
carbon atom be present m the side chains The simplest optically active 
aliphatic groupmg, the secondary butyl, requires 4 carbon atoms arranged 
as in Formula V Considermg biogenetic possibihties, the workmg hy- 

N H 

I 

H— a ,C— C— CHj— CEh 

H jj 1 

I I cn, 

R—C— CHj— CHi CH,— CHi—C— C. .0=0 

1 I 

CHj CH3 N 

1 

OH 

(V) (VI) 

pothesis was adopted that the side chams vere both secondary butyl 
gioups (a feature which would satisfy the expeiimentally determmed le- 
quirement for two C-meth^l gioups) and were symmetiically placed at 
positions 3 and 6, as shown m Formula VI 
Evidence verifymg this foimula as representmg the structuie of asper- 
giUic acid was obtamed by two routes first through substitution of the 
hydrogen atom at position 5 by biomme and conversion of the bromoasper- 
gillic acid to a 2,5-diketopiperazme, as shown m the accompanying scheme, 
and second by total reduction of aspergdhc acid with sodium and alcohol 
to a piperazme derivative, also shown m the scheme The structuies of 
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these tw o degradation products it was found possible to confirm by compan- 
son with the correspondmg synthetic products 
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On the basis of Formula VI for aspergilhc 
yould be represented by Formula VII and 
icid by Formula VIII Subsequent to the announcement of t 
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of aspergillic acid and desoxyaspergiUic acid (10), Newbold and Sprmg 
(17), in the course of the synthesis of various oxypyrazmes, prepared 2- 
ainino-3,6-di-sec-butylpyrazine and from it, 2-hyiroxy-3,6-di-sec-butyl- 
pyrazme. Formula VII Because of their inability to resolve the mixture of 
stereoisomers, duect comparison with a sample of the optically active 
desoxyaspergillic acid from the natural product was not possible, but they 
concluded that the compounds possessed the same structure m view of the 
close similarity of properties such as solubility and ultraviolet absorption 
spectrum 


BISCUSSION 

The occurrence of a hydroxamic groupmg m a natuial product has not 
been previously reported The h 3 T)othesis has been advanced (18, 19) that 
formhydroxamic acid, the product of activated formaldehyde and morgame 
nitrite, is an mtermediate m the phytosynthesis of a-ammo acids and al- 
kaloids, but no experimental evidence mdicatmg that such is the case has 
been forthcommg A hydroxylammo derivative, canavanme, has been 
isolated from the jack bean (20) and amme oxides are known to occur in 
various fish muscle extracts, but that is about the extent of such compounds 
so fai discovered 

The fact that a hydroxamic acid derivative such as aspergillic acid should 
possess considerable toxicity both for microorganisins and higher animals 
13 not unexpected, smce it has long been known and frequently observed 
that hydroxylamme and its derivatives are highly potent cell poisons. 
That the antibacterial activity of aspergillic acid is due to the hydroxylated 
nitrogen atom is shown by the lack of antibiotic activity of desoxyaspergil- 
lic acid Several S 3 mthetic hydroxamic acids have been tested and found 
to possess considerable antibacterial activity Details of this work wull 
be published m a subsequent paper 

EXPERIMENTAL 

Produchm of Aspergillic Aad — The methods described m the literature 
foi the production of aspergillic acid are essentially variants of the original 
procedures used by White and Hill (2) These authors reported that, while 
their strain of Aspergillus flavus would grow on a wide variety of media, it 
only produced significant amounts of aspergiihc acid on Difco tiyptone,. 
peptone, or corn steep liquor media Since 2 per cent Difco tryptone with 
0 5 pei cent sodium chloride gave the highest titers, this was adopted as- 
their standard medium The yields reported by White and Hdl vaned 
from 5 to 70 mg of crude crystallme material per liter of culture filtrate 
' Jones, Rake, and Harare (8) employed the same medium for the production 
of aspergillic acid but found that higher titers could be obtamed by adding 
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2 to 4 per cent of brown sugar With then- strain of Aspergillus flmus the 
yields of crystalline aspergiUic acid from the tiyptone and salt medium 
vailed between 120 and 253 mg per litei , from the brown sugar-contauimg 
medium the yield of crystaUme mateiial i cached as high as 400 mg per 
liter Howevei, this latter material was sho^vn by Menzel, Wmterstemer, 
and Rake (9) to consist chiefly of a product which melted at 145-146° as 
compared with 93° for the aspergiUic acid obtained by White and Hill 
Purthermore, while the formula foi the aspergiUic acid meltmg at 93° vas 
C 12 H 20 N 2 O 2 , analysis of the high meltmg compound showed that it pos- 
sessed the formula C 12 H 20 N 2 O 3 The antibacterial activity of this high 
meltmg compound, caUed hydroxyaspergiUic acid, was only one-tenth to 
one-third that of aspergilhc acid Bush, Dickison, Ward, and Avery 
(12), m mvestigatmg the antibiotic substances produced by a stram of 
Aspergillus jlavus Lmk, found that they obtamed the best titers on 2 per 
cent Difco peptone-2 per cent lactose medium They isolated, by an 
extraction procedure, material which also appeared to be a mixture of 
aspergilhc acid and hydroxyaspergiUic acid Then typical culture fil- 
tiate was stated to possess one-half the antibacterial potency of a standard 
solution contammg 1 mg of purified aspergilhc acid per ml and hence a 
concentration m the filtrate of approximately 500 mg per liter The re- 
coveiy m the form of crude acid was about 55 pei cent 

Smce the sepaiation ef aspergilhc acid and hydroxyaspergiUic acid, to be 
described m a later paper, is quite difficult and laborious, the production of 
material for structural investigation was confined to those media whicli 
contam no sugar and on which the mold produces only aspergiUic acid of 
meltmg pomt 93° It has been found that m addition to the Difco tryptone- 
sodium chlonde medium a yeast extract-glycerol medium wiU produce 
aspergilhc acid of melting pomt 93° m consistently good yields of fiom 
800 to 1000 mg per litei (21) 

Durmg the course of the mvestigation of the production of aspergiUic 
acid on different media by Mr Carl Woodward, Jr , of the Bacteriological 
Production Laboratories, E R Squibb and Sons (21), a spectroplioto- 
metric method foi quantitative assay, with use of the Beckman ultraviolet 
spectrophotometer, was worked out in collaboration ivith Dr Nettie Coy 
of the Squibb Biological Laboratones It was found that ivith the various 
media tested no substances other than aspergiUic acid were produced whic 1 
absoibed m the ultraviolet region 300 to 350 mu The position and inten 
sity of the aspergiUic acid band was determmed at pH 8, which is approM- 
mately that of the medium at maximum concentration The maxim^ a 
this pH IS at 336 mja w ith e = 10,500 as compared w ith 325 mp, 6 = 890 ^ 
ethanol The density of an unknown solution can therefore be multip i 
by the factor 2 13 to give the concentration of aspergiUic acid in mg per 
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The spectrophotometnc values were found to parallel the bioassay values 
m all cases m which only aspergillic acid of melting point 93° was formed 
Under other conditions m which the organism produces hydroxyaspergiUic 
acid as well as aspergillic acid (9), the spectrophotometnc measuiement 
gives the correct sum of both constituents because the absorption bands of 
the tv o products are identical but the bioassay value aviU be considerably 
lower, dependmg upon the proportion of hydroxyaspergiUic acid present, 
since this product has only about one-tenth the antibiotic activity of asper- 
giUic acid 

Isolation and Punficalton of Aspergillic Acnd — The most satisfactory 
procedure for the isolation and pmification of aspergillic acid mvolves ex- 
traction of the acidified culture filtrate with chloroform, concentration of 
the chloroform to a smaU volume, reextraction from the chloroform solution 
with sodium carbonate solution, and precipitation from the aqueous solution 
by acidification The crude acid thus obtamed is best punfied by dissolvmg 
m boihng hexane and filtermg from brown, amorphous, msoluble material 
Concentration of the hexane solution leads to the separation of nearly pure 
aspergiUic acid of melting pomt 90-93° Further crystallizations from 
acetone or methanol, with charcoal, are carried out if necessary 

The analysis and description of aspergiUic acid has been given m previous 
reports (2, 9, 10) and is given here wuth further characterization only for 
the sake of completeness 

As orgmally described and photogiaphed by White and HiU (2), asper- 
gilhc acid crystallizes as clusters of pale yellow, elongated plates or rods, 
and melts® quite sharply at 93° when uncontammated by the high melting 
hydroxyaspergiUic acid It is readily soluble m most orgamc solvents but 
only to the extent of about 1 mg pei ml m water 

Titiation m alcohol with phenolphthalem as mdicator shows a neutraliza- 
tion equivalent of 224 When titrated electrometiicaJly, the same equiva- 
lent weight IS obtamed, the pK'a is 5 3 [«]d^ = +13 4° m ethanol, c = 

0 85, [a]n^ = +18 5° m 1 N NaOH, c = 1 05 

Analysts * — CnHioNsOj (224 3) 

Calculated C 64 25, H 8 98, N 12 49 
Found “ 64 42, " 8 96, " 12 73. niol wt (Hast) 220 

“ 64 10 “ 8 80 “ 12 50 

No methoxyl or methyl imide groups were demonstrable by the methods of 
Zeisel and Friedrich Kuhn-Roth C-methyl deteimmation yielded 2 10 

' All melting points were determined in a capillary tube in an oil bath and are 
uncorrected 

* The analyses reported in this paper, mcludmg the Kuhn-Both C-methyl and 
Friedrich N-methyl determinations, were earned out by Mr J F Alicino of the 
Squibb Institute 
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moles- of acetic acid per mole of aspergillic acid By the same method iso- 
leucme yielded 1 0 mole of acetic acid 

Copper Salt-~Th.e copper salt of aspergiUic acid is prepared by treatmg an 
alcoholic solution -with alcoholic cupric acetate The addition of water to 
the solution causes the salt to crystallize out as grass-green rectangular 
plates, mp 198-199° 

Analysis — Cu(CiiHijN 0.)2 

Calculated C 56 6, H 7 45, N 11 0, Cu 12 50 
Found " 56 7, “ 7 49, “ 11 0, “ 11 60 

The addition of copper acetate or copper sulfate solution to the culture fil- 
trate yields an amorphous precipitate of the copper salt of aspergillic acid 
ivhich can be filtered off, washed, and recrystallized The copper salt is 
soluble m ethanol, methanol, acetone, dio\an, and ethei but highly msolu- 
ble m water or aqueous solvents It is soluble in 5 n hydiochlonc acid but 
does not precipitate by ddution to 1 n strength The extraction of this 
solution with ethei yields pure aspeigillic acid of coriect meltmg point 

Silver Salt — ^The silver salt of aspergillic acid is prepared by treatmg an 
alcoholic solution with alcoholic silver nitrate or with aqueous silver sulfate 
solution The salt is obtamed as colorless platelets, w hich darken at 170°, 
blacken at 186°, and decompose at 190° 

Analysis — Ci-HuNjOjAg Calculated, Ag 32 6, found, Ag 32 7 

Phenylhydrazine Salt — In a preliminary observation to determine 
whethei aspergillic acid had a carbonyl gioup, an alcoholic solution was 
treated with 1 equivalent of phenylhydrazine base and after standing for } 
hour was treated with v\ ater until turbid Long colorless needles quickly 
separated out and vveie recrystallized from dilute alcohol, mp 99 5 
Yield, quantitative The analysis showed this to be the phenylhydrazme 
salt lather than a phenylhydrazone 

Analysis — Ci H eN.Oj C6H6N2H3 

Calculated C 65 00, H 8 43, N 16 S 
Found “ 64 65, “ 8 46, “ 16 92 

3 ,3-Dimli ohenzoic Acid Salt — During efforts to prepare a 3,5-duiitro- 
benzoate of aspergillic acid by reaction vv ith the acid chloride m pyndm^ 
it was observed that two crystallme piodiicts could be isolated One a 
a meltmg pomt of 166-168° and the other melted at 123° after recrysta za 
tion fiom hot water or dilute ethanol The solubility of these products m 
Lot water suggested that they were salts, and mvestigation showed this 0 
be the case The compound meltmg at 166-168° could be prepared m 
equivalent amounts of pyridme and 3,5-dimtrobenzoic acid and that me 
mg at 123° could be obtamed by mixmg equivalents of aspergillic aci 
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3,5-climtrobeuzoic acid m ethanol and piecipitatmg with cold water The 
aspergillic acid salt could be titrated m methanohc solution with 0 01 n 
N aOH solution, 56 9 mg required 26 0 ml just to turn phenolphthalem 
mdicator pmk Neutralization equivalent found, 219, calculated for 
C 11 H 20 N 2 O 2 C7BLiN206 (mol wt 436), neutialization equivalent 218 

Aspergillic Acid Hydrochlo) ide — The hydrochloride of aspergillic acid is 
ob tamed when an ethereal solution is tieated with gaseous hydrogen 
chloride The colorless precipitate can be recrystalhzed from absolute 
ethanol but hydrolyzes m aqueous solution to yield fiee aspergillic acid 
Aspergillic acid hydiochloiide has a melting pomt of 182° with gradual de- 
composition ovei a wide range 

Analysts—Ci-K oN.O. HCl 

Calculated N 10 75, Cl 13 6 
Found “ 11 03, “ 13 8 

Aspergillic Acid Methyl Ethei — An ethereal solution of aspergillic acid 
reacts lapidly with diazomethane to yield a neutral oily pioduct that does 
not crystallize Distillation undei high vacuum yields a colorless syrup 
which on analysis coiiesponds with the methyl ethei ^ 

Anahjsis—CizYL N.O 2 

Calculated C 65 49, H 9 31, N 11 76, CHjO 13 02 
Found “ 65 34, “ 9 21, “ 11 70, “ 13 01 (Zeisel) 

This product is readily soluble in the usual organic solvents and insoluble 
m water or dilute alkali The methanohc solution gives no coloration with 
ferric chloride solution It possesses msignificant bacteriostatic activity 
When an alcoholic solution is slightly acidified and allowed to stand for 
several hours, the coloration with feme chloride becomes positive, mdicat- 
mg hydrolysis to aspergillic acid Because of this ready hydrolysis it was 
found impossible to piepare a crystallme hydrochloride 01 hydrobromide 
of the methyl ether 

The benzyl ethei of aspergillic acid was piepared similarly from phenyl- 
diazomethane but could not be ciystallized 

Formation of Desoxyaspei gilhc Acid — ^This product has been prepared 
from aspergillic acid m several ways 

1 Dry Distillation with Coppei -Chromite Catalyst — ^An mtimate mixture 
of 500 mg of aspeigiUic acid and 5 rag of copper chromite (14) w^as placed 
in a distiUmg flask and heated with a free flame A stream of mtrogen was 
passed through the flask duimg distillation and the escapmg gases bubbled 
through a trap contauung barium hydroxide solution After the mass had 
fused, water vapors began to condense m the series of collectmg bulbs 

“ This analysis was carried out on material prepared and purified by Dr Menzel 
W (9)) 
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The water was diiven from these b 3 ’’ gentle fl amin g Some precipitate be- 
gan to form m the bai^'^ta trap A colorless liquid was then distilled over 
mto the bulbs wheie it ciystallized on coolmg Some caibonization oc- 
curred m the flask The amount of barium carbonate which formed 
weighed only 70 mg and hence showed that no appreciable decaiboxylation 
had occurred The solid mateiial m the bulbs was washed out with ben- 
zene, which on evapoiation 3 nelded a crystallme residue ■tteighmg 294 mg 
RecrystaUization from aqueous ethanol and treatment inth charcoal 3 uelded 
148 mg of colorless needles, m p 102° A nuxed meltmg pomt detennma- 
tion mth aspeigilhc acid showed liquefaction over the range 68-78° 


Analysis — (208) 

Calculated C 69 20, H 9 62, N 13 45 

Found “ 69 34, “ 9 63, “ 13 56, mol wt (East) 207 

15 3° m ethanol, c = 0 5, 10 2° m ethanol, c = 0 74, [q:]d* 

= -f 18 8° m methanol, c = 2 17 

A similar formation of desoxyaspeigiUic acid was found to occur when 
madvertantly a cmde batch of precipitated aspergiUic acid, probably not 
washed free of sulfuric acid, was heated for several hours above its meltmg 
pomt From the resultmg tarry mass the only recoverable product was 
desoxyaspergiUic acid Purified aspeigillic acid, however, may be sub- 
limed unchanged in high vacuum DesoxyaspergiUic acid distils at 305- 
310° at 760 mm and at 197-199° at 10 mm pressure 

2 Reduction of Aspeigilhc Acid with Hydnodic Acid and Red Phos- 
phonis — 500 mg of aspergilhc acid were dissolved m 15 ml of glacial 
acetic acid and added to a mixture of 150 mg of red phosphorus, 50 mg 
of lodme, and 5 ml of glacial acetic acid The solution was refluxed for 3 
hours and then filtered hot through an asbestos pad mto 80 ml of cola 
water conta inin g 1 0 gm of sodium bisulfite The solid which precipitated 
was filtered off, washed with cold water, and dried m a vacuum desiccator 
The 3 ueld was 330 mg , representmg 71 per cent of the theoretical 
sample recrystaUized from aqueous ethanol showed a meltmg pomt o 
102° and gave no depression m a mixed meltmg pomt determmation wi 
the material obtamed by dry distiUation 

3 Reduction of Aspergilhc Acid by Hydrazine — ^An alcoholic so u ion 
contammg 2 0 gm m 10 ml , to which were added 5 0 ml of 85 pw cen 
hydrazme hydrate, was sealed m a bomb tube and heated at 100 for 
hours The solution was concentrated m a vacuum and the residue 

up m dilute ethanol and acidified with hydrochloric acid From the so u 
tion there slowly deposited 952 mg of nearly pure desoxyasper^c . 
m p 101“ A further crop of 400 mg was obtamed on concentra o 
the solution A third crop of 150 mg raised the yield to 81 per cen o 
theoretical 
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Propel ties of Desoxyaspei gilhc Acid — Desoxyaspeigillic acid is only 
neakly acidic, it dissolves m 10 pei cent sodium hydroxide solution but 
cannot be titrated It does not give a copper salt oi any trace of coloration 
Mith ferric chloride solution It is moie soluble m hot water than is 
aspergiUic acid and may be recrystallized from this solvent It is cor- 
lespondmgly more basic than aspeigillic acid, it is leadily soluble m 1 0 n 
hj'^drochloric acid and the hydiochloiide may be obtained on concentration 
of the solution Reciystallized fiom ethanol, the hydiochloride of des- 
oxj’^aspergiUic acid melts at 207° The ciystallme hydiobromide melts at 
250-252° with decomposition 

Analysts — Ci HjoNiO HBr Calculated, N 9 68, found, N 9 58 

The nicely crystallme salt piepaied fiom desoxyaspergdlic acid and 3,5- 
dmitrobenzoic acid has a melting pomt 137-138° aftei softenmg at 135° 

Like aspergillic acid, desoxy aspeigillic acid is remarkably stable towards 
numerous reagents Vigoious treatment with alkalme reagents, such as 
Ba(OH)2 and KOH, oi acidic reagents, mcludmg strong HCl, HNO3, and 
H:SO<, fads to hydrolyze either of these compounds 

Desoxyaspergdlic acid was found to be without antibiotic activity m 
the usual tests, but when a concentration of 3 mg pei ml was prepared in 
the medium routmely used for the growth of Aspei gilhts flams, the germin- 
ation of the spore moculum was completely inhibited This experiment 
was tried to determme whether the mold would convert desoxyaspergdlic 
acid to aspergdlic acid durmg giowth In view of the obseived inhibitory 
activity on the spores it is planned to test this reconversion capacity of 
the mold by lefloodmg a mature mycelial mat with media containmg 
desoxyaspergdlic acid Refloodmg experiments with media containmg 
isoleucme mdicated no dnect utdization of this ammo acid for the forma- 
tion of aspergdhc acid ® 

Desozijaspei gilhc Acid Methiodide — Whereas aspeigdlic acid reacted 
very sluggishly with methyl iodide, desoxyaspeigdlic acid combmed with 
1 mole to yield a nicely crystallme methiodide Hofmann and Emde 
degradations of this product could not be carried to completion 160 mg 
of desoxyaspergdlic acid readdy dissolved m 0 5 ml of methyl iodide The 

“ Speculation as to the probable biochemical precursor of aspergillic acid readily 
turned upon isoleucme, since 2 such ammo acid residues would yield the necessary 
carbon and mtrogen skeleton and, as will be described m a subsequent paper, an 
isoleucme anhydride (3,6-di-sec-butyldiketopiperazme) was obtained m the degrada- 
tion of aspergdhc acid Furthermore, the presence of free isoleucme m an Aspergillus 
had been reported by Woolley and Peterson (22) Jones and Rake (unpublished 
work) tested isoleucme m different media and in varymg concentrations but obtamed 
no results indicating the direct utilization of this amm o acid for the formation of 
aspergillic acid 
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l-Methylpyrazinol-3 (l-Methyl-2-hydroxypyrazme ) — 198 mg of pinrazi- 
iiol-2 were dissolved in 7 ml of methanol, added to an ethereal solution 
of diazomethane which contamed approximately 1 2 moles per mole of 
P3T:azmol-2, and allowed to stand m the ice box After 3 days the ether 
and excess of diazomethane were evaporated off The residue was taken 
up in a small volume of absolute ethanol, treated with norit, filtered, and 
chilled Colorless prisms with a meltmg pomt of 83-84° were obtamed 

Analysts — CjHiNsO 

Calculated C 54 54, H 5 45, N 25 45 
Found “ 54 56, “ 5 57, “ 25 29, OCH, 00 

SUMMARY 

Aspergilhc acid, an antibiotic substance produced by surface cultures 
of Aspergillus flavus, has been shown to be a pyrazone denvative The 
nitrogen atom adjacent to the carbonyl group bears a hydro'll group and 
the compound is therefore a cyclic hydroxamic acid Eeplacement of 
the acidic hydroxyl group with hydrogen yields a neutral product called 
desoxyaspergiUic acid The number and nature of the side chains have 
been deduced from C-methyl analyses, from the behavior of aspergiUic 
acid towards brommation, and the existence of optical activity 

The author wishes to acknowledge the mteiest and counsel of Dr Oskar 
Wmterstemer m this work 
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ASPERGILLIC ACID AN ANTIBIOTIC SUBSTANCE 
PRODUCED BY ASPERGILLUS FLAVUS 

ir BROMIN\TION REACTIONS AND REDUCTION WITH SODIUM 

AND ALCOHOL 
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New Brunswick) 
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In Paper I of this senes (1) Foimula I foi the stmctuie of aspergilhc 
rcid nas deduced fiom (1) consideiations of its chemical properties, (2) the 
oimation of deso\yaspeigillic acid (Foimula II), and (3) the similaiity 
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)f the ultraviolet absoiption speetmm to that of pyiazone The number 
ind nature of the side chams neie anived at by considerations of the 
iptical activity, the fact that Kuhn-Roth determmation showed two C- 
nethyl groups, and that biommation led only to a monobromoaspergillic 
icid The present paper deals with this latter leaction as veil as vith 
he biommation of desoxyaspergillic acid and with the products resultmg 
rom the reaction of the bromo compounds vith zme m acetic acid In 
iddition it describes the reduction of aspeigrUic acid vith sodium in amyl 
ilcohol to form a pipeiazme derivative 
Wheieas aspeigiUic acid in glacial acetic acid oi chloioform solution is 
lot attacked by bromine, m aqueous soh ents it reacts rapidly to form a 
rystallme product containmg 1 atom of bromme This compound, 
ailed bromoaspeigillic acid, is veiy soluble m organic soh ents The 
lude product melts at low tempeiature, Iroip 75-80°, but bj means of 
.everal ciystallizations a constant meltmg pomt of 129-130° is reached 
Che analysis shoved that 1 hydrogen atom of aspergilhc acid had been 
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replaced by a bromine atom In methanol solution this compound yielded 
a deep led color with feme chloride, and a nicely crystallme green cupric 
salt ^^as readily obtamed by treatment with alcoholic copper acetate 
solution These properties showed that the hydio\amic acid function 
had not been lost Neither the treatment of aspergilhc acid with larger 
amounts of bromine noi the treatment of bromoaspeigdlic acid itself witli 



Fig 1 Ultraviolet absorption spectrum of bromoaspergilhc acid (A), aspergillic 
acid (O), bromodesoxyaspergillic acid (□), all determined m ethanol 

moie bromme wmter resulted in the mtroduction of any more biomine 
into the molecule 

The bromine atom of biomoaspergillic acid proved to be very stablj" 
boimd It did not yield silver bromide on treatment with silver nitrate 
nor could it be hydrolyzed readily w ith sodium hydrovide solution The 
effect of the bromme atom upon the ultraviolet absorption spectrum 
IS shown in Fig 1 Early tests wnth less pure material had shown an 

iThe ultraviolet absorption spectra were detenmned by Dr Nettie Coy of the 
Squibb Biological Laboratories, New Brunswick 
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increase m antibiotic activity over that of aspeigillic acid (2) but sub- 
sequent tests vith the highly purified bromoaspeigillic acid yielded anti- 
biotic values in the same range as aspergillic acid 
In the mother liquors from the purification of bromoaspergillic acid 
there was present a second compound which contained bro min e but was 
not acidic and did not give the ferric chloride reaction Analysis showed 
that this product possessed the formula CisHigNaOBr and was thus un- 
doubtedly bromodesoxyaspergillic acid The preparation of this product 
from desoxyaspergiUic acid directly was therefore investigated Des- 
oxyaspergillic acid, however, was found to behave somewhat differently 
from aspergillic acid m that it reacted w ith bromme m glacial acetic acid 
to form a crystalline, orange-colored product that was a perbromide 
Such perbromide formation is characteristic of heterocyclic bases and 
especially of pyrazmes (3, 4) When the reaction w'as carried out in 
aqueous solution, the brommation took place in the same manner as with 
aspergillic acid It w'as thus possible to obtam a product identical with 
the side product mentioned previously Agam, as ivith aspergillic acid, 
the addition of more than 1 mole of bromine did not cause furthei sub 
stitution m the desoxyaspeigillic acid 
The yields of biomo products from these reactions are not more than 
50 per cent and the nature of the side products is not well established 
From the mother liquors of the biomodesoxyaspeigiUic acid there was 
obtamed a small amount of a colorless high meltmg product, the analysis 
of w'hich showed it to be bromme-fiee and to possess the empirical formula 
C 10 H 18 N 2 O 2 Apparently oxidation had occurred durmg the brommation 
The compound was not acidic nor did it give any ferric chloride reaction, 
and so could not possess a hydroxanuc acid groupmg The 2nd oxygen 
atom must therefore have been mtroduced elsewhere than on the nitrogen 
atom The low hydrogen number indicated that oxidation of the nucleus 
had occurred and Formula III w'as considered a likely structure Such a 
structure seemed able also to account for the ultraviolet absorption spec- 
trum as shown in Fig 2 
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N 

(III) 

The treatment of bromodesoxyaspergiUic acid and bromoaspergillic 
acid with zmc dust m glacial acetic acid solution led m both cases to the 
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formation of a neutral compound with the empirical formula CisHjaNjO: 
The course of this leaction, while not immediately clear, must proceed 
through tlie hycholysis of the biomme atom and leplacement by a hydroxyl 
group rather than through reduction and replacement by hydrogen The 
reduction of the hydroxyl group on the mtrogen atom m the case of bromo- 
aspei grille acid was to be expected from the reduction of aspergiUic acid 



WAVELENGTH IN IH|J 

Fig 2 Ultraviolet absorption spectrum of compound Ci-HuN' O 2 , determined in 
ethanol 

itself, as reported m Paper I (1) The neutral compound, CuHsiOjiN'’, 
had a high meltmg point (250°), i%as optically active, and showed only end- 
absorption m the ultraxnolet region These properties suggested that it 
was a diketopipeiazme and on the basis of Formula I for aspeigdhc aci 
w ould hav e the stioictuie shown m Formula IV 

Such a structure represents the diketopiperazine w hich w ould be obtain 
from one of the steieoisomeis of isoleucme The anhydride of natura 
isoleucme has been reported by Ehrhch (5) who prepared it by dry dist a 
tion of L-isoleucme The properties are listed in Table I for comparison 
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Ta.ble I 


Comparison of S,6~Di-sec-btUyl-3,o-diketopiperazine from Three Sources 


Source 

M p 

Bl 

Cr>stal form 

Solubility 

L Isoleucine* 

Sinters at 275°, 
melts at 2S0- 
2S1°, sub- 
limes at m p 

Slight 

de\tro 

rota- 

tion 

Clusters of fine 
needles 

Soluble in AcOH, 
MeOH, less sol- 
uble in benzene 
and acetone 

L-Leucinet 

270-271° 

1 

-42 5° 

Longstout prisms 

1 

Soluble in 4.cOH 
but less so in 
MeOH and ace- 
tone than isoleu- 
cine anhydride 

DL-Isolcucinef 

Sinters at 247°, 
melts at 255- 
257°, sub- 
limes at m p 

0 

Hair fine needles 
inclustersfrom 
acetone, heavy 
small prisms 
from water 

Soluble in AcOH, 
MeOH, less sol- 
uble m benzene 
and acetone, can 
be crystallized 
from hot water 

Zinc and ace- 
tic acid re- 
duction of 
bromoasper- 
gilhc acid 

Sinters at 248°, 
melts at 249- 
250°, sub 
limes at m p 

-4-13 S° 

Hair-fine needles 
from acetone, 
heavy small 
prisms from 
water 

Soluble in AcOH, 
MeOH, less sol- 
uble in benzene, 
ether, and ace- 
tone , can be crys- 
tallized from hot 
water 


* Prepared by Ehrhch (5) by dry distillation of h isoleucine, because of high 
temperature used in preparation the product is likely a mi\ture of isomers 
t Prepared by Fischer (6) and included here for comparison 

t Prepared from dl isoleucine free of alloisoleucine by essentially the same pro- 
cedure that was used for DL-leucine by Fischer (6) 


H 



0=C C— R 
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(IV) 

with those of the product from biomonspergillic acid A sample of the 
anhydride of nn-isoleucme was prepared and its properties are also listed 
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m Table I While the pi operties of these compounds are in fair agreement 
and leave little doubt as to the identity of the pi oduct from aspergiUic 
acid, exact comparison is not to be expected because of the mixture of 
stereoisomers present in the S3mthetic compounds 

The C12H18N2O2 product was reduced catalytically to yield the diketo- 
piperazme of melting point 250° 

As pomted out by Fischer (6) for leucme anJiydride and by Ehrhch (0) 
for isoleucme anhydride, these diketopiperazmes are extremely resistant 
to hydrolysis, therefore the isolation of the constituent ammo acid could 
not be achieved 

To confirm fully the existence of a pyrazme nucleus m aspergiUic acid 
the complete reduction xvith sodium m amyl alcohol was carried out 
From such a reduction an oxygen-free, optically active base was obtained 
and characterized through the hydrochloride, the picrate, and the 
benzoate The analyses of these derivatives were in agreement with e 
formula C12H26N2 for the base which accordingly should be 2,5-disec 
butylpiperazme, as shown in Formula V 
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Tw'o methods for obtaming a synthetic product for 
utilized The synthetic isoleucme anhydride was reduced wi ^25^1 
and amyl alcohol to yield the coiTespondmg piperazme (7,8)) 
sec-butylpyrazme. Formula VI, which xvas synthesized m and 

from the requisite ammo ketone (4), was also reduced with so 
amyl alcohol Table II lists the properties of these compoun ^ 
derivatives for comparison Agam, as with the diketopiperazm . 
comparison is rendered difficult by the mixture of stereoisomers ^on 
by the synthetic products Hoxvever, it was felt that 
achieved by the two series of products was precise enoug ° 
difficult resolution of such mixtures unnecessary Smee asjia 

possible stereoisomers of a piperazme substituted with tv\o a 

metric groups, the preparation of the mdividual isomers rep 
rather formidable task 
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EXPERIMENTAL 

Bi oinoaspergilltc Acid — The biomination of aspergillic acid may be 
earned out with various solvents Aqueous acetic acid or aqueous ethanol 
IS suitable but strong hydrochloric acid was found to be the most con- 
venient A solution of 220 mg of aspeigillic acid in 10 ml of 5 N hydro- 
chloric acid was treated with saturated bromme water until no further 

T\ble II 


Comparison of 3 B-Di sec httlylpiperazine Derivatives 



Product from aspergiUic acid 

Product from 

DL i&oleucme anhydride 

Product from 
synthetic pyiazine 

Picrate 

Rhombic plates from 

Rhombic plates 

Rhombic plates 


ethanol, sinters and 

from ethanol, 

from ethanol. 


darkens at 220-228°, 

sinters and 

sinters and 


melts at 238-240° 

darkens at 222- 

darkens at 205- 


with decomposition 

1 

225°, melts at 
235° with de- 
composition 

225°, melts at 
233-235° with 
decomposition 

Hydrochlonde 

Dense rectangular 

pnsms in clusters, 
not melted at 300°, 
[alD= -fO 6° in H 0 


Hevagonal prisms, 
not melted at 
300° 

Dimtroso de- 

Nacreous plates, sin- 

Shiny platelets, 

Shiny platelets. 

nvative 

ters at 120°, melts 

sinters at 128°, 

sinters at 125- 


at 127° with de- 

melts at 129- 

130°, melts at 


composition 

130° 

130-131° 

Nitrate 

1 

Dense prisms, sinters 
at 224°, melts at 
227° with decompo 
sition 

Rectangular 
prisms, sinters 
at 225°, melts at 
227-228° with 
decomposition 


Dibenzoate 

Needles from ethanol, 
sinters at 178°, melts 

Needles from 

ethanol, sinters 



at 188-190°, [a]D= 

— 7 5° in ethanol 

at ^00°, melts at 
203-204° 

• 


precipitate was formed and no more biormne appeared to be consumed 
The pale yellow precipitate w as filtered off, w ashed, and dried It w^eighed 
150 mg Smee this represented only one-half of the expected weight of 
bromoaspergiUic acid, the aqueous filtiate was reserved for further in- 
vestigation The crystallme material w as very soluble m orgamc solvents, 
highly insoluble m w ater It dissolved readily m dilute sodium hydroxide 
or sodium carbonate solution and was reprecipitated by acidification 
The alcoholic solution still gave a strong red-brown color with ferric 
chloride solution Recrystallization from aqueous methanol or ethanol 
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did not raise the melting pomt above 75-80° However, charcoal treat- 
ment of the aqueous alcoholic solution, followed by repeated crystalliza- 
tions of the product fiom diy acetone oi acetone-pentane mixture, yielded 
coloiless needles with a constant meltmg point of 129-130° The rotation 
m ethanol was [q:]o^ = 4-19°, c = 1 1 

Analysis- — Ci-HigN-O Br (303) 

Calculated C 47 50, H 6 27, N 9 24, Br 26 4 
Found “ 47 33, “ 6 28, “ 9 62, “ 26 3 

The copper salt of biomoaspeigillic acid was prepaied in the same way as 
that of aspeigdlic acid (1) It foims deep green plates from dioxan solu- 
tion on addition of vatei The meltmg pomt is 200°, after softening at 
195° 


Analysis — (CrHisN.OoBrljCu (667 6) 

Calculated C 43 10, H 5 39, N 8 38, Cu 9 53 
Found “ 43 28, “ 5 58, “ 8 35, “ 8 46* 

* Determined roughly on the ash 


Bromoaspeigillic acid is unchanged by treatment with 0 5 N methanolic 
KOH at loom temperatuie oi b3'^ 5 pei cent aqueous NaOH at 100° for 
several houis No hj’-cholysis oi replacement of biomine by hydioxyl 
could be achieved by long shaking m alcoholic solution with moist silver 
oxide 

Bromodesoxyaspergilhc Acid — The aqueous filtratfe after the removal of 
the precipitated biomoaspeigillic acid did not give more precipitate with 
additional bi omme watei , on standmg m the ice box a ciystallme precipitate 
was slowly deposited, which was collected, washed, and dried After 
recrystallization fiora hot acetone the product melted at 129-130° after 
softening at 125-126° A depiession of 35° i"as observed m the mixed 
melting pomt determmation with bromoaspergiUic acid 


Analysis — Ci HjsX OBr (287) 

' Calculated C 50 10, H 6 62, N 9 75, Br 27 88 

i ound “ 49 76, “ 6 60, “ 9 78, “ 27 60 

Brominaiion of Desoxyaspei gillic Acid — Like aspergillic acid, dcsoxy- 
aspergdlic acid leacts readily m aqueous solution with bromme water, 
but, unlike aspergillic acid, it also reacts with bromme m anbydious 
solvents A glacial acetic acid solution of 366 mg of desoxj^asperg ic 
acid was treated with a solution of bioimne m acetic acid Decoloration 
of the bromme did not occur but soon orange-red platelets began to e- 
posit These were filtered off and reciystaUized from glacial acetic aci 

- The analyses reported here were earned out by Mr J F Ahemo of the Squibb 
Institute 
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i\itei drjang m a vacuum desiccator, they weighed 88 mg In the meltmg 
pomt determination they smtered slightly at 125° and paled to a nearly 
colorless crystallme mass which decomposed with sublimation at 250-253° 
It was appaient that the orange-ied platelets represented a pei bromide of 
desoxyaspeigiUic acid and its composition vas deteimmed in the followmg 
mannei The mateiial, which had been diied as well as possible m the 
vacuum desiccator at loom tempeiature, showed a total bromme content 
of 51 4 pel cent and an active bromme content (liberation of lodme from 
IQ) of 30 per cent These values aie in fan agreement with the formula- 
tion C 12 H 20 N 2 O HBr Bij, which lequires total bromme of 53 5 per cent 
and active biomine 35 6 per cent When the perbiomide is held m the 
drymg pistol at 100° in a vacuum, it is converted to a colorless crystallme 
salt The loss m weight by this method agreed with that found for active 
bromme, 30 to 31 per cent The colorless crystallme residue agreed m 
properties with the hydrobromide of desovyaspergillic acid, m p 250-252° 
with decomposition and sublimation (1) 

Analysis— CiiB. oN O HBr (2S9) Calculated, N 9 68, found, N 9 58 

The addition of water to the origmal filtrate from the brommation of 
deso\yaspergillic acid caused the immediate discharge of the red color but 
did not yield a precipitate The solution v as concentrated to dryness m 
vacuo and the residue reciystallized from ethanol Colorless needles, 
melting at 125° after softenmg at 118°, Mere obtamed, they weighed 150 
mg Recrystallization from acetone or aqueous ethanol yielded needles 
with a meltmg pomt of 129-130° 

Analysis — Ci-HuN.OBr (287) Calculated C 50 10, H 6 62 

Found “ 50 29, " 6 62 

Desoxyaspergillic acid dissolved m n hydrochloric acid or aqueous 
acetic acid reacted immediately with bromme without the formation of a 
perbromide In contrast to bromoaspergilhc acid, biomodesoyyaspergillic 
, acid does not precipitate from the solution To an aqueous acetic acid 
solution of 1 35 gm of desoxyaspergillic acid an acetic acid solution of 
1 04 gm of bromine (1 mole per mole) was added The chilled solution 
was seeded with ciystais of bromodesovyaspergillic acid and slowly de- 
posited 851 mg of crude product From the aqueous filtrate there was 
obtamed by concentration in vacuo to a small volume a crop of granular 
colorless solid which weighed when dry 780 mg When crjstalhzed from 
acetic acid, coloiless needles meltmg at 268-270° were obtamed This 
product proved to be halogen-fiee 

Analysis-Ci-Ris'^ 0- (222) Calculated C 64 SO, H 8 10 

Found *' 64 48, 8 02 
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Zinc and Acetic Acid Reduction of Bromoaspergillic Acid— A. sample of 
the bromoaspergillic acid which is obtained by one reciystallization of 
the precipitated product and which melts at 75-80° was taken for reduction 
ith zmc dust and acetic acid Tii a solution of 378 mg m 4 0 ml of 
glacial acetic acid and 1 0 ml of water there were added, over a period of 
2 to 3 hours refluxmg, 5 0 gm of zmc dust The hot solution was diluted 
with 50 ml of w ater and allowed to stand m the ice box There slowly 
deposited fine colorless needles which were filtered off and dried, eight 
103 mg This compound could be recrystallized from acetone m which 
it IS moderately soluble when hot, but only slightly soluble when cold 
It IS soluble m methanol and ethanol but only sparingly soluble m benzene 
or ether It is slightly soluble in hot water and crystallizes out as clusters 
of dense prisms on cooling The meltmg pomt is 249-250° with sublima- 
tion 

Synthesis of 3 ,6-Di-sec-butyl-2 ,5-diketopiperazine (Isoleucine Anhydride) 
— This compound was synthesized m essentially the same manner as 


reported by Fischer (6) for DL-leucme anhydride except that DL-isoleucme 
was used as the startmg product 5 17 gm of DL-isoleucme were converted 
to the ethyl ester by treatment with diy HCl m 50 ml of absolute ethanol 
After all of the DL-isoleucme had dissolved, the solution was concentrated 
in vacuo at 35° to a syrup from which the free ammo ester was liberated 
by dissolvmg m ice-cold water and treatmg with sodium hydroxide solution 
The ether extract yielded 3 5 gm of ester after drying and evaporatmg 
at 35° 3 gm of the ester a\ ere heated m a sealed tube at 200° for 24 hours 


The contents of the tube were slightly yellow and partially crystallme 
The crystallme material was wmshed free of unchanged ester with ether 
and then recrystallized fi om ethanol 950 mg of colorless needles, identi- 
cal m appearance and solubility characteristics ivith the natural product 
(secured by degradation of aspergiUic acid), w'ere obtamed The meltmg 
pomt of the synthetic product was 255-257° wuth sublimation, after 
softenmg at 247° In a nuxed meltmg pomt determmation with the nab 
ural product, there w as no lowermg of the meltmg pomt below 249-250 , 


Avhich IS that of the natural compoimd 

2 ,5-Di-sec-butylpiperazine — This compound has been obtamed by the 


three foUowmg methods 

1 Sodium and Alcohol Reduction of Aspergillic Acid — A solution o 
2 25 gm of aspergiUic acid m 100 ml of isoamyl alcohol w as treated w it 
10 gm of metallic sodium added over a period of 14 hours refluxmg 
stream of nitrogen w as passed through the apparatus durmg the 
After the solution had been cooled, 100 ml of w ater were added an 6 
mixture shaken m a separatory fuimel The amyl alcohoMvas uas e 
three tunes with 25 ml portions of water and then with three 25 ml portions 
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of N HCI Evaporation of the acidic solution z/i vacuo yielded a crystalline 
residue which weighed 560 mg ReciystaUization could be achieved from 
•water, m which it is quite soluble, or from methanol by the addition of 
ether The crystals separated as heavy prisms or clusters of hexagonal 
rods, these darkened at 260° but were not melted at 300° The rotation 
of a solution of 35 7 mg m 2 ml of HjO was barely detectable, [aj^ = 
about +0 6° 

Analysts — CuHjiNi 2HC1 (271) Calculated C 53 10, H 10 32 

- Found “ 52 91, “10 51 

An aqueous solution of the hydrochloride on treatment with picric acid 
solution yielded a precipitate of lemon-yellow tablets After crystalliza- 
tion from aqueous ethanol, the crystals had a meltmg pomt of 238-240° 
with decomposition, they darkened over the range 220-228° 

Analysts — CijHitNi 2(C5 HjNjOt) (656) 

Calculated C 43 90, H 4 87, N 17 15 

Found “ 44 17, “ 5 00, “ 17 22 

Treatment of an aqueous solution of the base with benzoyl chloride and 
dilute alkali yielded the dibenzoate which was recrystallized from ethanol 
The dibenzoate smters at 178° and melts at 188-190° 

CijHsiNj (CO CjHda (406) Calculated C 76 84, H 8 37 

Found “ 76 62, “ 8 20 

[a]o* = —7 5° m ethanol, c = 3 0 

An aqueous solution of the piperazme hydrochloride when treated with 
dilute HNOs slowly deposits clusters of prismatic needles of the nitrate, 
this salt smters at 224° and melts with decomposition at 227° 

An aqueous solution of the piperazme hydrochloride when treated with 
aqueous sodium nitrite solution and then acidified deposited platelets 
of the dmitroso derivative Recrystallization from aqueous methanol 
yielded nacreous plates which softened at 120° and melted -with decomposi- 
tion at 128° 

Anait/sts— CijHjiNjOi (256) Calculated, N 21 87. found, N 21 60 

B Sodium and Alcohol Reduction of S ,6-Di-sec-butyl-2 ,5-diketopiperazine 
{r>L-Isoleucine Anhydride)— -In a similar manner to procedure (1), 500 mg 
of the diketopiperazme of meltmg pomt 255-257° -n ere treated w ith 2 5 gm 
of elemental sodium added over a 2 hour period This is essentially the 
procedure used by Cohn (7) and by Hoyer (8) to obtam the correspondmg 
piperazmes from leucme and alanme anhydrides, respectively The 
acidic extract was immediately precipitated with picric acid, yieldmg 
275 mg of the picrate Crystallization from ethanol yielded rhombic 
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plates which smteied at 222—225° and melted with decomposition at 235- 
238° 

^naZj/sxs— Ci.H.sNo 2 (C 6 H,Na 07 ) (656) Calculated C 43 90, H 4 87 

Found “ 44 19, “ 5 08 

A portion of the picrate was converted to the free base and from this 
the dibenzoate, mtiate, and nitroso derivatives were prepared for compari 
son nith the products fiom the leduction of aspergillic acid (Table II) 
The mactive dibenzoate had a higher meltmg pomt than the product from 
aspergillic acid but was identical in appearance It melted at 203-204° 
after softenmg at 200° 

Analysis— Cl (CO CsHj). (406) Calculated C 76 84, H 8 37 

Found “ 76 56, “ 8 16 

3 Total synthesis of this pipeiasine was achieved by first preparing 
2,5-di-sec-butylpyiazme by a suitable adaptation of the method utilized 
by Com ad and Hock (4) for the piepaiation of 2 , 5-diisopropylpyrazme 
and then reducing this pyiazine with sodium and alcohol as described by 
the same authois 

The startmg mateiial vas ethyl methyl ethyl acetoacetate which was 
prepared by the custoniaiy methods of alkylation (9, 10) and brommated 
by the procedure of Conrad (11) That fraction of the bromo keto ester 
which distilled at 165-168° at 78 mm was treated with alcoholic ammoma 
solution after it faded to react with aqueous ammonium carbonate solution 
as described by Com ad and Hock After the ammonium bromide was 
filtered off, concentiated HCl was added and the solution heated m a 
sealed tube at 120° foi 5 houis The resultmg solution of ammo ketone 
hydrochloride vas concentiated in vacuo and, when the volume was small, 
treated with 33 per cent NaOH and mercuric chloride as described Steam 
distillation of this mixture yielded the 2 , 5-di'Sec-butylpyrazme as an 
ody suspension m the distillate After extraction with ether, drymg over 
NasSOj, and evaporation, a clear mobde liquid vas obtamed vhich was 
dissolved directly m isoamyl alcohol and reduced with metallic sodium 
The 2,5-di-sec-butylpiperazme was isolated as the hydrochloride, as 
described imder procedure (1), and characterized as the picrate and dim- 
troso derivatives The appearance and meltmg pomts of these products 
w ere identical wuth those previously obtained and are listed in Table 1 

SUXnLVRY 

The stnictuie deduced for aspergillic acid m Paper I (1), and shown m 
Formula I, has been substantiated by a series of degradations mclu mg 
(1) bromination to bromoaspergilhc acid, (2) reaction of this with zmc m 
acetic acid to yield 3, 6-di-sec -butyl-2, 5-diketopiperazme, and (3) re uc 
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tion of aspergiUic acid with sodium and isoamyl alcohol to 3 aeld 2,5-di-sec- 
butylpiperazine The identification of these degradation products has 
been achieved by compaiison with the synthetic compounds 

The stimulating encomagement of this work by Dr Oskar Wmtersteiner 
IS gratefully acknowledged 
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FURTHER STUDIES ON THE AMINO ACID COMPOSITION 
OF IMMUNE PROTEINS 

Br EMIL L SMITH* and RICHARD D GREENE 
(From the Biological Laboratories, E R Squibb and Sons, New Brunswick) 

(Received for publication, August 18, 1947) 

Although the protein nature of antibodies is now firmly established, 
there is little available information concernmg their ammo acid composi- 
tion Studies recently reported from this laboratory have provided 
methods of isolation which have made available sufficient amounts of 
immune proteins foi analytical study (1-3) These protems are for the 
most part electrophoretically homogeneous, but are not completely homo- 
geneous m the ultracentrifuge (2) Moreover, the limitation should be 
recognized that these protems were all isolated by physicochemical meth- 
ods, and not by immunologically specific precipitation Each protem 
fi action, therefore, mcludes a consideiable portion of material which is not 
immunologically specific 

Brand, Kassefi, and Saidel (4) and Brand (5) have already reported 
analyses on a T-globulm pieparation from human plasma A previous 
paper from this laboiatory (Smith, Greene, and Bartner (6)) has dealt 
with the content of carbohydiate and of several ammo acids of the immune 
protems which have been isolated from human, hoise, and bovme plasma, 
and with the immune lactoglobulms of the cow The present papei 
presents analyses on this group of protems for seven additional ammo 
acids 


EXPERIMENTAL 

The protems used m this mvestigation were all prepared m this labora- 
tory, and, with the exception of the milk globulins, are the same prepara- 
tions as those already analyzed for carbohydrate and other ammo acids (6) 
The isolation and some properties of the bovme colostrum and plasma 
protems have been described by Smith (1), and of the milk protems by 
Smith (2) Preparation A of the y-globulm was derived from noimal 
steer blood obtamed at the slaughter-house, Preparation B was isolated 
from the plasma of cows hyperimmunized with nuxed antigens, and the 
colostrum, milk, and T-globulms were from the same hyperimmune animals 

The horse y- and T-globulms were isolated by alcohol precipitation 
methods from plasma contammg tetanus antitoxm, and these globulms 
Were high in antitoxic protection for guinea pigs The isolation of these 

* Present address. School of Medicine, University of Utah, Salt Lake Citj 
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proteins has been repoited by Smith and Geilough (3) The human 
7 -globulm preparations Mere electrophoretically homogeneous and were 
prepared m this laboiatory by Method 9 of Oncley and his collaborators (7) 
Miciobiological assays for aigmme, histidine, lysine, isoleucine, threomne, 
and methionme were performed ivith Streptococcus faecahs followmg the 
procedure described by Stokes, Gunness, Dwyer, and Casnell (8) The 
grmvth of the bacteria Mms follow'ed by titiation of the lactic acid produced 
Hydrolysis of 200 to 500 mg of protem m 10 ml of 3 n HCl was performed 

Table I 

Arginine, Histidine, and Lysine Content of Immune Proteins 


The analytical data are given for the anhydrous ash-free proteins The averages 
and the average deviations are based on determinations of at least four separate 
hydrolysates 


Protein 

Arginine 

Histidine 

Lysine 

Total basic 
inuno 
acids 
















moles X 



per cent 



per cent 



per cent 


10-* per 
fm prolein 

Colostrum euglobuhn 

5 

06 

± 

0 

08 

1 

83 


0 

11 

6 

2 ± 

0 

1 

83 

Milk euglobuhn 

4 

76 

± 

0 

10 

1 

95 


0 

15 

6 

3± 

0 

1 

S3 

Colostrum pseudoglobulin 

3 

64 

± 

0 

37 

2 

13 

± 

0 

17 

7 

2± 

0 

3 

84 

Milk pseudoglobulin 

3 

34 

± 

0 

23 

2 

14 


0 

06 

7 

2 ± 

0 

1 

82 

Colostrum total globulin A 

4 

36 

± 

0 

04 

1 

99 

ri: 

0 

16 

6 

3 ± 

0 

1 

81 

(t tt i< ^ 

4 

67 

± 

0 

20 

1 

84 


0 

12 

6 

4 i 

0 

1 

82 3 

Bovine y globulin A 

6 

02 

db 

0 

15 

2 

01 


0 

17 

6 

8± 

0 

2 

94 

“ " , B 

5 

60 

± 

0 

15 

2 

09 


0 

18 

6 

6± 

0 

2 

91 

Bovine T-globulin 

4 

79 

± 

0 

12 

2 

01 

± 

0 

03 

6 

4 ± 

0 

1 

84 

Horse y-globulin 

3 

77 

± 

0 

17 

2 

44 


0 

14 

8 

6 ± 

0 

2 

96 

“ T-globulin 

2 

SO 

± 

0 

22 

2 

43 


0 

09 

6 

7± 

0 

2 

78 

Human 7-globulin 11-1,2 

5 

12 

± 

0 

28 

2 

01 

± 

0 

19 

7 

2 ± 

0 

3 

92 

“ “ II-3 

3 

66 

± 

0 

26 

1 

91 

± 

0 

10 

6 

3 ± 

0 

2 

77 


m the autoclave m sealed ampules for 7 hours After hydrolysis, t e 
neutralized solutions were assayed by comparison ivith standard ammo 
acid gi OM til tubes For each hydrolysate, the a\ eiage of several measure 
ments at different growth levels m as considered as a single deternnnation 
The assays were conti oiled by parallel deteimmations on a 3 times crys a 
lized preparation of ;8-lactogIobulm ‘ . 

Arginine, Histidine, and Lysine Determinations — ^The imcrobiologica 
determinations of the basic amino acids in these piotems are present i 
Table I Biand (5) has reported for a preparation of human u m 

1 The technical assistance of Lois Herbert, Rachel Mato, and Helen Zevenei 
the microbiological assavs is gratefullj acknowledged 
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II-l 4 80 per cent aigmine, 2 50 per cent histidme, and 8 1 per cent lysme 
His values foi the last two ammo acids are somewhat higher than those 
obtained by us Vickeiy (9) found 2 66 per cent argmme in a y-pseudo- 
globulm fiom normal hoise serum isolated by Gieen This value agrees 
V ith our findmg of 2 80 pei cent argmme m T-globulm rather than with 
that of 3 77 per cent m our preparation of horse y-globulm 
The acid-combmmg capacity of protems is determmed by the sum of 
the basic ammo acids and of the free a-ammo groups Although data are 
lacking for the latter, ve have computed the total content of basic ammo 

Table II 

laoleucine and Threonine Content of Immune Proteins 


The analytical data are for the ash-free and moisture-free proteins The average 
values and the average deviations are based on four separate hydrolysates The 
isoleucine data are in terms of a standard known to be free of the alio compound 


Protein 

Isoleucine 

Threonine 

Colostrum euglobulm 

per cent 

3 14 ± 0 18 

per cent 

10 3 ± 0 3 

ALlk euglobulm 

3 02 ± 0 01 

10 6 it: 0 6 

Colostrum pseudoglobulm 

3 23 ± 0 13 1 

9 8±0 2 

Milk pseudoglobulin 

3 04 ± 0 12 

10 3 ifc 0 3 

Colostrum total globulin A 

2 77 ± 0 11 

9 4±0 1 

it a a g 

3 00 ± 0 09 

10 1 ± 0 7 

Bovine 7 globulin A 

3 05 ± 0 13 

9 8±0 2 

“ “ B 

3 31 ± 0 17 

10 1 ifc 0 7 

“ T globulin 

3 00 ± 0 09 

9 5±0 4 

Horse 7 -globulin 

4 39 ± 0 02 

11 1 ±0 4 

“ T-globulin 

3 26 ± 0 08 

8 7 it: 0 3 

Human y globulin II-l , 2 

2 80 ± 0 23 

' 8 8 it 0 4 

“ “ II-3 

2 00 ± 0 06 

7 4±0 5 


acids (Tabla I) m order to facilitate comparison of these proteins with the 
available data on their acid-combinmg capacity Perlmann (10) found 
for horse 7-pseudoglobulm 89 X 10~® moles per gm of protein by measur- 
mg the bound metaphosphoric acid, and she cites the unpublished titration 
data of Cohn, Green, and Blanchard nho found 92 X 10~^ moles per gm of 
protem Green (11) has studied the acid-combmmg capacity of several 
horse globulms, and has reported values of 100 foi globulins PI and PII, 
and 90 foi globulin PHI These values are all m leasonable agreement 
with our analytical value foi horse 7-globulm of 96 X 10~^ moles per gm 
of protem 

The 7-globulms of cow and horse plasma have a higher content of 
basic ammo acids, and, therefore, probably a higher acid-combmmg 
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capacity than the corresponding T-globulins of these species This is m 
accord with the moie alkaline isoelectric points of the y-globulins In 
fact, for all of the immune proteins there is general agreement with the 
idea that the more alkalme the isoelectric pomt, the higher the content of 
basic ammo acids The lower content of basic ammo acids, and the more 
acid isoelectric pomt of the human 7 -globulm II-3 emphasize its resem- 
blance to the T-globuhns of the horse and the cow 


Table III 

Cystine and Methionine Content of Immune Proteins 
The data are for the anhydrous ash-free proteins The methionine content 
estimated microbiologically is based on four separate hydrolysates The cystine 
content of these proteins is the average of two or three determinations The cal- 
culated sulfur values are obtained from the sum of the cystine and methionine 
contents 


Protein 

Cystme 

Metluonme 

Sulfur 

calculated 

Sulfur 

found 


cent 


per cent 



per cent 

Colostrum euglobulm 

3 

14 

1 

10 

zb 

0 

02 

■ 




Milk euglobulm 

3 

28 

0 

87 


0 

05 

1 




Colostrum pseudoglobulin 

3 

04 

1 

23 

dz 

0 

02 

■ 

m 



Milk pseudoglobulin 

3 

02 

0 

92 

dz 

0 

07 

1 

00 



Colostrum total globulin A 

3 

26 

0 

89 

± 

0 

07 

1 

06 

1 

01 

tt H ti ^ 



0 

92 

± 

0 

04 




05 

Bovine 7-globulin A 

2 

89 

1 

14 

± 

0 

03 

B 

IH 

“ “ B 

2 

95 

1 

22 

± 

0 

05 

B 



99 

“ T-globulin 

2 

SO 

1 

00 

± 

0 

02 




95 

Horse 7-globulin 

2 

57 

0 

95 

± 

0 

06 




00 

“ T-globulin 

2 

52 

0 

72 

± 

0 

03 

0 

83 


91 

Human T-globulin 11-1,2 

2 

55 

1 

12 

± 

0 

11 

0 

92 


00 

“ “ II-3 

2 

71 

0 

87 

± 

0 

03 

0 

91 

0 

99 


Isoleucine and Threonine — In Table II are given the analytical data for 
these ammo acids as obtamed by microbiological assay Brand (5) has 
reported 2 7 per cent isoleucme and 8 4 per cent threonme for human 
7 -globulm II-l, results which are very close to the values obtamed for the 
preparation of 7 -globulm 11-1,2 analyzed by us The relatively hig 
content of threonme m all of the imm une proteins is noteworthy 

Cystine and Methionine Content — ^Table III presents the data for t e 
sulfur-contammg ammo acids of the immune protems The methio^e 
estimations were performed microbiologically as described above I ^ 
cystine (cystme cysteme) content of these protems w’as detennmed } 
the procedure of Kassell and Brand (12) - The total sulfur of the^e 

3 W e are indebted to Mr Elliot Bartner for these determinations 
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proteins has been calculated from, the estimations of cystme and methio- 
nme, and compared with the sulfur content as found by microanalysis 
The sulfur determinations have been published m earlier papers on these 
protems (1, 2, 6) New determinations of the sulfur content of the horse 
T-globulm mdicate that the sulfur content of this protem is 0 91 per cent 
rather than the lower value of 0 69 per cent which was reported earlier 
( 6 )^ 

It IS apparent from the data m Table III that the cystme and methio- 
nme content of the bovine protems satisfactorily account for their sulfur 
content withm the experimental error of the several determmations 
However, some discrepancies are apparent m the analyses of the horse 
and hiunan proteins Brand, Kassell, and Saidel (4) found 1 06 per cent 
methionme and 3 07 per cent cysteme + cystine m human y-globulm 
II-l 


DISCUSSION 

The most strikmg fact concermng the immune protems which we have 
analyzed is their great similarity m composition Although many signif- 
icant differences can be observed between them, these proteins form a 
fundamental group with very similar properties The immune protems of 
plasma are different from the other plasma protems i\hich have been 
analyzed Brand, Kassell, and Saidel have already shown this by com- 
parative analyses of various human proteins The immune globulm 
preparations from milk and colostrum show ammo acid compositions 
quite distmct from those of the other well characterized milk proteins, 
casern and /3-IactogIobulm Thus, the immune proteins clearly show by 
their composition their similar function, and do not reflect the particular 
fluid, plasma, milk, or colostrum, from which they are derived 

It IS particularly worthy of emphasis that the tn o bovine y-globulms, 
one from normal and the other from hyperimmune animals, do not show 
any differences which are greater than the errors of analysis Smce our 
results m this paper and m an earlier one (6) now include eleven ammo 
acids, as well as hexose and hexosamme, it is probably safe to assume that 
no great differences betv een the two y-globulin preparations v ill be found 

’ The value for the sulfur content of the horse T-globulin was first reported as 
0 69 { 1 , 2 , 6) After the anuno acid analyses nere made, it was apparent that a con- 
siderable discrepancy existed between the sulfur value calculated from the observed 
cystine and methiomne content and that obtained by direct analjsis New analjses 
b> the micro-Pregl method gave 0 93, 0 87, and 0 94 per cent for an average of 0 91 
per cent The newer results emphasize the resemblance between the horse T-globulin 
and the other immune proteins, and lessen the importance of the sulfur value in dis- 
tinguishing these proteins (3, 6) The authors are indebted to Mr J F Alicino of 
The Squibb Institute for Medical Research for the sulfur determinations 
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An extension of this senes to include othei ammo acids, and additional 
protems from so called normal animals for comparison with those obtained 
fiom hypei immune ones, might prove to be of value m understanding the 
specific natuie of antibodies Results obtamed by other mvestigators m 
less extensive analyses have also failed to establish differences between 
antibodies and noimal globulm (13-17) It must be leemphasized (Smith 
and Coy (18)), however, that such compaiisons must be performed on the 
same globulm fi action fiom normal and hypei immune animals, smce 
diffeient globulm fractions concerned with immunity do not possess the 
same ammo acid composition 

The various bonne immune piotems show sigmficant differences in 
composition from each other ( 6 ) The data mcluded m this paper rein; 
force the conclusion that the immune protems present m the milk and 
colostrum are different from those m the plasma In paiticulai, y-globulm 
IS strikingly different m aigmine content fiom the T-globuhn oi the lacto- 
globulms The conespondmg lactoglobulms fiom milk and colostrum are 
very similai m composition to each other The mmoi differences prob- 
ably reflect the fact that none of the piotems is completely homogeneous 
m the ultiacentrifiige, and that it is impossible to be certam of thorough 
separation of the euglobulm and pseudoglobulm components 

The 7 - and T-globulms of the horse differ quite markedly from each 
other m arginme, lysme, isoleucme, threonme, methionme, and, as pre- 
viously demonstiated ( 6 ), m leucme content 

The two human piotein fractions differ considerably m then composi- 
tion In most chaiacteristics, the y-globulm II-3 fraction resembles the 
T-globulms of the horse and the con In this connection, we can pomt 
out the moie acid isoelectric pomt of the II-3 fraction (7), its electro- 
phoretic mobility which is mtermediate betw^een those of the y-globuhn 
11-1,2 and the /3-globulms (7, 19), its low'er content of basic ammo acids, 
isoleucme, threonme, and methionme It is probable that this fraction 
(11-3) is completely analogous to the T-globulin of other species This 
has been pomted out recently by Deutsch, Albeity, and Gostmg (19) on 
the basis of the electrophoretic mobility of this fraction The 71 - ^ 
72 -globulms of these mvestigators are apparently identical with the 7 - 
globulms II-3 and 11-1,2 of Oncley e( al (7) 

Evidence has recently been reported that the 7 - and T-globulins do no 
mclude all of the antitoxic activity present m the plasma of the horse (3)^ 
It has also been found that the 7 - and T-globulms of the cow^ do not possess 
all of the antibody actnity found m the plasma of this species^ Since 
these additional immune protems have not yet been isolated in relative y 

< Unpublished observations by one of us {E L S ) 
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homogeneous fonn, no analyses aie available Howevei*, it may safely be 
assumed that these additional immune protems will be found to be different 
m composition from the 7 - and T-globulms, smce it is already known that 
they are different in electiophoretic mobility and m their isoelectric points 
The composition of the immune piotems has paiticulai significance for 
the economy of the organism m its ability to organize resistance to infec- 
tion The synthesis of the globulms concerned with immunity is then a 
special problem m nutrition, as emphasized recently by Cannon (20) 
The data obtamed in oui mvestigations show that all of the ammo acids 
known to be essential foi the mamtenance of nitrogen equilibrium m man 
and other mammals aie present m the immune proteins Pf the three species 
which we have studied This fact alone mdicates the necessity for a 
complete supply of the essential ammo acids for the synthesis of immune 
proteins In addition, stiong evidence is available which shows that 
hypoprotememia causes a decreased synthesis of antibodies and a lowered 
resistance to infection ( 20 ) 


SUMMARl 

1 The immune pi oteins isolated from the plasma of human, horse, and 
cow and the lactoglobulins from the colostrum and milk of the cow have 
been analyzed for argmme, histidme, lysme, isoleucine, threonme, and 
methionme by miciobiological assay with Sb eptococcus faecahs Cystme 
analyses have been performed by the photometiic method of Brand and 
Kassell 

2 For the plasma piotems, the 7 -globulms of the home and cow have 
a higher content of basic ammo acids, isoleucme, threonme, and methio- 
nme, than the T-globulins of the same species Foi the human protems, 
the 7 -globuhn 11 - 1,2 resembles the 7 -globulins of the other species, and 
the 7 -globulm II-3 is similar to the T-globulms 

3 The entire group of immune proteins is very similar m composition 
The high content of threonme (7 4 to 11 1 per cent) is particularly note- 
worthy The two sulfur-contaming ammo acids, cystme and methionine, 
account reasonably w'ell for the sulfui content of these proteins 
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(Received for publication, July 14, 1947) * 

There are two, at least, methyl transfer reactions promoted by liver 
^ slices in vitro (2) The fundamental distmction between them is that one 
IS dependent on oxygen and the other is not 
Transmethylation reactions found to be mdependent of oxygen are 
methionme formation by the methylation of homocysteme, homocystme, 
or homocysteme thiolactone by either cholme or betame They are not 
inhibited by oxidation mhibitors Homogenized tissue and slices are 
equally effective without any modification of the reaction mixture 
Transmethylations found to be dependent on oxygen are the methyla- 
tion of guanidoacetic acid to form creatme and of nicotmamide to N^- 
methylmcotmamide (3) The methyl donor is methionme, cholme and 
betame are meffective Neither reaction m this category proceeds when 
the tissue (liver) is homogenized or finely mmced and the reaction mixture 
consists only of methyl donor and acceptor 
After many unsuccessful experiments to gam further msight mto the rdle 
of the oxidation m the methylation of guanidoacetic acid with rat liver 
slices we turned to the use of liver homogenates We found that guanido- 
acetic acid IS methylated by methionme m rat and gumea pig liver homog- 
enates if sufficient adenosme triphosphate (ATP) is provided The yields; 
with rat liver homogenate were low and irregular Gumea pig liver homog- 

enates were better, they gave, on the average, more than twice the creatme 
obtamed with rat liver slices (on the basis of dry weight of tissue used), 
and the results were consistent The general picture of the reaction was 
the same as with rat liver slices Accordmgly we have confined ourselves 
in the study of the role of the oxidation m the methylation of guanidoacetic 
acid to homogenates of the livers of gumea pigs 

Methods 

In the experiments with liver shces the animals used were adult white 
rats of both sexes which had been bred from the Wistar Institute stram 

* This work is a part of that done under contract -n ith the Office of Naval Research, 
United States Navy Department Presented at the meeting of the American Societv 
of Biological Chemists, May 18-24, 1947 (1) 
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The homogenates weie made from the hvers of guinea pigs of both sexes, 
obtamed commercially as needed 

The animals were killed by stunnmg and bled thoroughly The tech 
nique, when hver sjicqs xvere used, has been desciibed m a previous com- 
mumcation (2) 

For the preparation of the homogenates the liver xvas chilled in ice water 
immediately aftei removal, washed fiee of blood by ice-cold buffer solution, 
cut mto small pieces, and then homogemzed m the appaiatus of Potter and 
Elvehjem (4) m a volume of ice-cold buffer solution equal to twice the 
weight of the tissue The homogenization apparatus was jacketed in an 
ice and water bath At the end of the homogenization the temperature of 
the homogenate had risen to 4° In ordei to obtam a fine homogenate it 
was prepared m two stages, first in a tube m which the clearance of the 
rotor was 0 4 mm , followed, after strammg through two layers of cheese- 
cloth, by a second homogenization with a rotor clearance of 0 1 mm 

The buffer solution was made according to the recipe of Cohen and 
Hayano (5) at pH 7 4 

The reaction vessels were 20 ml beakers They were contamed m a 
specially designed heat-regulated, gas-equilibrated reaction chamber * 

The final volume of the reaction mixtures (mcludmg that of the homo 
genate) xvas, m any one expermient, 3 0, 3 5, or 4 0 ml , xx'hichever xvas con- 
venient The reaction mixtures xvere made up before the animal was 
killed and set away m an ice bath, the homogenate xxas pipetted mto each 
as soon as it xvas prepared The usual time from the killmg of the anunal 
to the begmning of the mcubation at 38° xvas about 20 mmutes The 
contents of the reaction vessels came to the temperature of the bath m 
about 5 mmutes Durmg this mterval the oxygen or nitrogen xvas passed 
through m a vigorous stream, after xvhich it xvas slowed doxvn to a slight 
positive pressure which xvas mamtamed throughout the ex^ierimenta 
period From tKe time they xvere set m the xvater bath to the end of the 
experimental period the reaction vessels xvere rocked at a rate of 80 cycles 
per mmute 

At the end of an experimental run the reaction was stopped by adding 
to each reaction vessel 2 drops of 1 n HCl Watei was then added to a 
desired volume, the pH adjusted to 5 0, and the vessels immersed m a 
bodmg xxater bath for 5 mmutes, after xxhich they were cooled to room 
temperature and the contents filtered 

3 ml aliquots xvere taken for analysis 1 ml of 0 4 x HCl was adde o 
each, they xvere then autoclaved at 20 pounds pressure for f hour, coo e ^ 
the cieatmine adsorbed on Llovd’s reagent, the clay washed twice wi 

‘This apparatus vvas described brieflv in a previous communication (2) '■ 

tailed description will be submitted for publication sborth 
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ml of 0 01 N HCl, and the creatmine assayed with alkalme picrate by the 
method previously described (6) Creatme standards Avere carried through 
the Avhole analytical piocedure simultaneously Avith the experunental 
samples The range of the standards and unknowns corresponded A 
Iflett-Summerson photoelectric coloiimeter, Avith the green filter, Avas used * 

Reagents 

The following \Aeie the substances used and then sources guanidoacetic 
acid prepared by the method of Nencki and Siebei (11), N-phospho- 
guanidoacetic acid piepaied by the method of Fawaz and Seraidanan (12) , 
tAVO preparations of L-metlnonme, one kindly donated by Piofessor W C 
Rose and one piepaied by ouiselves (2), D-methionme, also donated by 
Piofessor Rose, DL-methionme obtained fiom tAvo commercial sources, 
L-methionme sulfoxide and L-methionme siilfone piepaied by the methods 
of Toennies and Kolb (13, 14), n-dehydi omethionine prepared b}’’ the 
method of Lavme (15) , a-ketomethiol butyrate prepared by the method 
of Cahill and Rudolph (16), a-ketoglutaiic acid prepared by the method of 
Schneider (17), fumanc acid purified by four recrystallizations from a com- 
mercial preparation , ATP piepaied by the method of LePage (18) , adenylic 
acid obtained fiom tAvo commercial souices, cytochiome c prepared by the 
method of Keilin and Hartree (19), the oxidation mhibitors were commer- 
cial c p preparations 

- The alkaline picrate method is not specific for creatinine (7) Nevertheless ue 
have used it for the following reasons Determination of true creatine (as creatinine) 
by the difference in color with alkaline picrate before and after digestion iiith the 
specific bacterial preparation of Miller et al (7, 8) is too cumbersome and time con- 
suming for experiments in which there are a large number of control and experimental 
solutions And the number of variables nhich can be tested in any one experiment 
IS greatly reduced because of the necessary duplication both of the analyses and of 
the number of samples of each experimental variable under test hlost of the non- 
creatinine chromogenic material (except glycocyamidiiie) is removed by adsorption 
on Lloyd’s reagent and subsequent washing of the clay In an earlier studi (9) we 
found that deducting the color given by tissue alone plus that given by guanidoacetic 
acid alone gave, without prior bacterial digestion, values for ireatine formed 90 ± 5 
per cent of those obtained by difference before and after bacterial digestion In this 
study we were interested only in the amount of creatine formed from guanidoacetic 
acid and not in absolute values As will be seen below, with the method used (z e 
without bacterial digestion and deducting the tissue and guanidoacetic acid blank 
values) no creatine formation was noted when either guanidoacetic acid or methionine 
W'as withheld from the reaction mixture The rate of creatine formation was greater 
the higher the initial concentration of either guanidoacetic acid or methiomne Vie 
consider, therefore, that the method used gave a true picture of creatme formation in 
the experiments described below' Handler and Bernheim (10) came to a similar con- 
clusion 
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When nitrogen was used for anaerobic experiments, the residual oxygen 
was removed by pasmg it over red-hot copper filings m a muffle furnace 

Results 

Table I is a summarized protocol of a typical experiment showing the 
formation of creatine from guanidoacetic acid in guinea pig liver homog 
enate The figures show the necessity of methionme and a doubling of 


Table I 

Methylalion of Guanidoacetic Acid to Creatine in Guinea Pig Liver Homogenate, 
Effect of Added ATP and of Methionine 
Volume, 3 ml 1 ml of homogenate consisting of 1 part of liver and 2 parts of buf 
fer Imtial concentrations of reactants, guamdoacetic acid 2 5 X 10 M, l metbi 
omne 1 5 X 10”^ m, ATP (purity 93 per cent) 1 5 X 10*’ m The pH of all solutions 

was adjusted to 7 4 The experiment was run for 1 hour at 38° under oxygen The 

figures given are the averages of triplicates 

The gross “creatine” (Column 5) represents the total color developed in alkaline 
picrate compared with that of the creatine standards The formed creatine (Column 
6) represents (gross “creatine”) — (tissue gross “creatine” guanidoacetic acid 
gross “creatine”) In computing the figures in Column 7 it was assumed that the 
liver consists of 20 per cent solids The dry weight of liver in each reaction lesael 
was on this basis 0 33 X 0 2 gm = 66 mg The slightly higher tissue blank with 
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the yield by the addition of ATP with methionme There was no meth 
ylation of guanidoacetic acid by the homogenate alone or when aj- 
added without methionine 

The methylation of guanidoacetic acid by methionme when no AT " ^ 
added we have mterpreted as due to ATP present in the homogena e o 
formed durmg the mcubation This mterpretation is supported J . 
fiudmgs reported below, and by analogous findmgs on hippuric aci 1^^ 
and urea (21) synthesis m gumea pig liver homogenate The lat er 
actions proceed without added ATP and are accelerated when it is a 
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The augmenting effect of ATP varied m different homogenates In 
eight other experiments the ratios of the amount of creatine formed with 
added ATP to the amount without ATP were 8 5, 6 6, 2 7, 2 2, 2 0, 19, 
1 9, and 1 8 

The yield of creatme in guinea pig livei homogenate when ATP was 
added to the reaction mixtuie was, on the average, approximately double 
that given by rat liver slices 5 2 micromoles per gm (dry weight) of 
gumea pig liver per hour (Table I) was typical In lat liver slices the 
yield on the same basis varied from 1 0 to 5 0 micromoles (9), with 2 5 to 
3 0 micromoles as the median range 

The inferences from results such as those m Table I were strong that one 
function (if not the exclusive function) of the oxidation m the methylation 
of guanidoacetic acid by methionine in liver slices was the contmuous 
provision of sufBcient ATP, that the amount of the latter mitially present 
m the slices was either msufEcient or that it quickly disappeared, and that 
ATP produced m the slices as a concomitant of oxidations was available 
for the transmethylation reaction It would support this mterpretation 
if it were found m gumea pig liver homogenate that ATP produced during 
the mcubation gave results similar to those by ATP added to the reaction 
mLxture mitiaUy Ochoa (22) showed that oxidation of a-ketoglutarate 
is obligatorily coupled with the esterification of morganic phosphate 
and that m the process ATP is formed Kalckar (23) found that the oxi- 
dation of malate or fumarate is associated with an mtense phosphorylation, 
ATP formation was not demonstrated directly, but its mtermediate for- 
mation could be inferred Accordmgly in a number of experiments ade- 
nyhc acid plus either a-ketoglutarate or fumarate was added to the reaction 
mixture mstead of ATP 

A typical set of results is given m Table II They show that adenylic 
acid plus either a-ketoglutaiate or fumarate was somewhat more effective 
than an mitial addition of ATP, and as efi'ective as ATP plus one of the 
acids There was no additive effect of a-ketoglutarate and fumarate m 
the concentrations (0 01 m) used 

Results such as those m Table II strengthen the conclusion that ATP 
IS required for the transmethylation and that one of the functions of oxygen 
both m slices and m homogenates is to support oxidations which provide 
ATP 

The mterpretation we have put on the higher yield of creatme when 
either a-ketoglutarate or fumarate was added initially with ATP is that 
ATP dimmishes m the homogenate durmg the mcubation, whether by 
phosphatase action or by bemg used m reactions m addition to that of 
transmethylation Hence when provision is made for its reconstitution by 
the addition and oxidation of such metabolites as a-ketoglutarate or fuma- 
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When nitrogen was used for anaerobic experiments, the residual gen 
was removed by pasmg it over red-hot coppei filings m a muffle furnace 

Results 

Table I is a summarized protocol of a typical ex-perunent shmiing the 
formation of creatine from guamdoacetic acid in gumea pig liver horaog 
enate The figures show the necessity of methionme and a doubling of 


Table I 


Melhylalion of Guamdoacetic Acid to Creatine in Guinea Pig Liver Homogenalt, 
Effect of Added ATP and of Methionine 
Volume, 3 ml 1 ml of homogenate consisting of 1 part of liver and2 parts ofbui 
fer Imtial concentrations of reactants, guamdoacetic acid 2 5 X 10 m, t meth 
omne 1 5 X 10“^ m, ATP (purity 93 per cent) 1 5 X 10'’ m The pH of all solution 
was adjusted to 7 4 The CAperiment was run for 1 hour at 3S° under o\jgen Tts 
figures given are the averages of triplicates 

The gross “creatine” (Column 5) represents the total color developed in alkalic. 
picrate compared with that of the creatine standards The formed creatine (Columa 
6) represents (gross “creatine”) — (tissue gross “creatine" -t- guamdoacetic aci 
gross “creatine”) In computing the figures in Column 7 it was assumed that i 
liver consists of 20 per cent solids The dry weight of liver m each i 

was on this basis 0 33 X 0 2 gm =66 mg The slightly higher tissue bla 'll 
added ATP was due to color in the ATP preparation used 
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the yield by the addition of ATP with methionme There was 
ylation of guamdoacetic acid by the homogenate alone or w 
added without methionme ATP'^'^ 

The methylation of guamdoacetic acid by methionme when gr 

added we have mterpreted as due to ATP present m the om^o 
formed durmg the mcubation This mterpretation is (20) 

findmgs reported below, and by analogous findmgs on jjjtter 

and urea (21) synthesis m gumea pig liver homogenate 
actions proceed without added ATP and are accelerated w e 
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per Dll of reactioD mi\ture, half that amount was obtamed with 0 05 gm 
and one-eighth with 0 025 gm of liver per ml of reaction mixture 

Triplmg the mitial concentiation of guamdoacetic acid from 0 26 X 10~^ 
to 0 78 X 10"^ w incieased the late 50 per cent Incieasing the initial 
methionme concentiation fiom 1 X 10-^ to 1 X 10“= at also mcreased the 
rate 50 per cent 

The effects of mci easing the mitial concentiations of both guamdoacetic 
acid and of methionme weie additive The following is a typical lesult 
With initial concentiations of guamdoacetic acid and of methionme 0 26 
X 10~^ and 1 X lO"^ M, lespectively, 2 0 micromoles of cieatine were foimed 
per gm of dry weight of livei pei hour, wuth 0 78 X 10“® and 1 X 10~- ai 
guamdoacetic acid and methionine, lespectively, the rate w as 5 2 micro- 
moles Intermediate yields of cieatme weie obtained with mtermediate 
concentrations of methjd acceptor and donoi 

ATP added m mitial concentrations of 0 003, 0 0015, and 0 00075 ai gave 
the same yields of cieatme, and twice that when no ATP was added 

The rate of creatine formation m gumea pig liver homogenate dimmishes 
with time Thus guamdoacetic acid and methionine gave w ith ATP alone 
m 1, 2, and 4 hours 5 9, 8 9, and 8 9 micromoles respectively per gm (dry 
weight) of tissue , w ith ATP plus a-ketoglutarate the correspondmg values 
were 6 3, 10 4, and 12 1 micromoles, and wnth adenylic acid plus a-keto- 
glutarate 7 3,9 5, and 10 9 micromoles In rat liver slices the rate contm- 
ues nearly unslackened for 6 hours (9) Nearly all of the experiments w ith 
gumea pig liver homogenate were run for 1 hour, as more than half the 
amount formed m 4 hours w as obtamed in 1 hour and the complications of 
secondary reactions weie lessened 

With rat liver slices, the addition of ATP to the reaction muxture neither 
accelerated the transmethylation nor did it relieve the mhibitmg effect of 
anaeiobiosis In view of the results obtamed with gumea pig liver homog- 
enate the meffectiveness of ATP with liver slices is to be ascribed to the 
inability of ATP to penetrate the liver cells 

Table III is a summary of experiments designed to ascertain the relative 
speeds mth which isomeis and oxidized derivatives of methionme methylate 
guamdoacetic acid in gumea pig hvei homogenate L-iNIethionme had 
tw ice the activity of its a-keto analogue and 5 tunes that of L-methionme 
sulfoxide When the mitial concentration of the sulfoxnde was reduced 
10-fold, to 1 X 10“^ VI, it had no activity m the 1 hour peiiod of the test 
n-Methionme, L-methionme sulfone, and L-dehj^dromethionme were either 
only slightly active or mactive DL-Methionme was slightly more active 
than L methionme The activity of the a-keto and sulfoxide denv atu es 
of methionme can be accounted for by inferring their prior conversion to 
L-methionme, less than 10 per cent conversion would suffice to account for 
the creatme they formed 
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All of the compounds m Table III had been tested as possible methyl 
donors to guanidoacetic acid with rat liver slices by Handler and Bemheim 
(10) and by ourselves ^ n-Methionme had about half the potency of ir 
methionme, and its effectiveness was nullified by 0 01 M benzoate, which 
mhibits D-ammo acid oxidase (10) The a-keto analogue of methionme 
was as effective as L-methionme Handler and Bemheim found the sul- 
foxide and sulfone of methionme to be meffective We found the sulfoxide 
and L-dehydromethionme to have 25 to 50 per cent the effectiveness of l- 
methionme and the sulfone to be meffective 

Table III 

Relative Speeds of Melhylalton of Guamdoacelic Acid to Creatine by Methionine 

Isomers and Derivatives 

Volume, 3 ml 1 ml of homogenate consisting of 1 part of liver and 2 parts of 
buffer Imtial concentrations of reactants, guamdoacetic acid 1 X 10~’ ii, ATP 
(purity 93 per cent) 1 5 X 10~* m, <a-ketoglutarate 1 X 10^ The experiment was 
run for 1 hour at 38° under oxygen 

The figures given are the averages of triplicates expressed as micromoles of crea- 
tine 



Creatine formed 

L-Methiomne* (0 01 m) 

5 5 

D-Methiomnet (0 01 “) 

0 9 

DL-Methiomne (0 1 m) 

6 3 

L-Methionine sulfoxide (0 01 m) 

1 2 

“ “ (0 001 “) 

0 

L-Methiomne disulfoxide (sulfone) (0 01 m) 

-0 1 

L-Dehydromethiomne (0 01 si) 

0 4 

a-Ketomethiol butyrate (0 01 si) 

2 9 


* Wb = -7 5° 
t Wd = +8 76 


In mvo DL- IS as effectix’^e as L-methionme for groviih and lipotropic 
purposes, as is also the sulfoxide (24r-26) The a-keto analogue can re- 
place methionme for growth (16) n-Methionme is about as active as the 
L and D forms hpotropically Methionme sulfone cannot replace methio- 
nme m the diet for growth (27) , 

All of the observations on the activity of the different derivatives o 
methionme (mcludmg our observation of the positive activity of methionme 
sulfoxide) m homogenates, liver shoes, and in vivo are consistent - 
they are m accord vvnth the view that n-methionme is the active form o 
methionme m creatme formation, and that the activity of derivatives is 
proportional to their prior conversion to irmethionme 

’ Unpubhshed observations 
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All of the lesults exclude an oxidation product of methionine as the im- 
mediate methyl donoi to guanidoacetic acid They, therefore, also exclude 
oxidation of methionine as the basis of the dependence of the reaction m 
liver slices on oxygen, and the participation of ATP in such an oxidation 
Another possible explanation of the dependence on oxygen and of the need 
of ATP was that the immediate methyl acceptor may be N-phosphoguam- 
doacetic acid, and that the phosphorylation is effected by ATP, analogous 
to that of creatme In experiments to test this possibility with rat liver 
slices and rat and gumea pig liver homogenates it was found that N-phos- 
phoguanidoacetic acid uas in no case as effective as guanidoacetic acid 

Table IV 

Methylation of Guanidoacetic Acid to Creatine in Guinea Pig Liver Homogenate, 

Effect of Anaerobtosis 

Volume, 3 5 ml 1 ml of homogenate consisting of 1 part of liver and 2 parts of 
buffer Initial concentrations of reactants, guanidoacetic acid 1 5 X 10“> m, dl- 
methionine 1 X 10^ m, ATP (purity 93 per cent) 1 5 X 10"^ ii, adenylic acid 1 3 X 
10"’ M, a-ketoglutarate 1 X 10~“ Ji, fumarate 1 X 10'- ji The pH of all the solutions 
was adjusted to 7 4 The experiment was run for 1 hour at 38® under either oxygen 
or nitrogen 

The figures given are the averages of triplicates expressed as nucromoles of crea- 
tine formed per gm (dry weight) of liver per hour 


Additional metabolite 

ATP 

Adenylic acid 

Oxygen 

Nitrogen 

Oxygen 

1 Nitrogen 


5 9 

0 9 i 

0 7 


a-Ketoglutarate 

7 1 

2 2 

6 6 


Fumarate 

6 6 

1 2 

7 2 


a-Ketoglutarate -p fumarate 

7 3 

2 3 

7 2 



with or without added ATP, the latter with or without a-fcetoglutarate or 
fumarate All of the results mdicated that N-phosphoguanidoacetic acid 
was dephosphorylated before it nas methylated to cieatme 

If the dependence of the reaction m liver slices on oxygen were solely for 
the procurement of ATP, it would be expected that the mitial addition of 
ATP to gumea pig livei homogenate would reliexe the inhibitory effect of 
anaerobiosis to some extent It would not be expected that the mhibition 
would be entirely relieved, because ATP is hydrolyzed and used in other 
ways durmg the mcubation, and anaerobic dismutative oxidations will not 
reconstitute ATP as rapidly as when coupled with the more rapid and more 
extensive aerobic oxidations 

Table IV is a summary of results of experiments designed to test the 
foregomg hypothesis When the reaction mtxture contamed only ATP m 
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ylation , still a third may be that oxygen is necessary to support an oxidative 
step m the over-all transmethylation reaction The second interpretation 
as it stands is little more than conjecture It is prompted by the difference 
between the effects of a-ketoglutarate and fumarate, as is shoivn in Table 
VI 

We are at present engaged m a purification of the transmethylating 
enz3Tne system When a satisfactory degree of purification is attained, 
the above alternative mterpretations will be exammed further Until 
then, it seems unprofitable to discuss this aspect of the problem 

Regardmg the precise function of ATP, the experimental results obtamed 
exclude participation of ATP in either the oxidation of L-methionme or in 
the phosphorylation of guamdoacetic acid Among the possibilities which 
remain are (1) formation of an mtermediate by the condensation of t- 
methionme and guamdoacetic acid which is phosphorylyzed by ATP to 
creatme and a derivative of homocysteme, analogous to the cleavage of 
cystathionme (28) , or (2) L-methionme is phosphorylated by ATP and the 
phosphorylated n-methionme is the immediate methyl donor to guanidoace 
tic acid These possibilities are now under mvestigation 

The authors wish to acknowledge the assistance m this work of Miss I 
Silberbach 


SUMMAEY 

1 The methylation of guamdoacetic acid by methionine proceeds in 
gumea pig hver homogenate The rate, on the average, is double that in 
rat hver shoes 

2 ATP IS necessary for the transmethylation, and its formation is one o 
the reasons for the dependence of the transmethylation on oxidation re- 
actions m liver slices and to a lesser extent m gumea pig hver homogenate 

3 The mhibition of the transmethylation by anaerobiosis or arsenite is 
partially relieved by ATP plus either a-ketoglutarate or fumarate 

4 Regardmg the mechanism of the participation of ATP m the trans 
methylation the followmg tw o possibilities have been excluded oxidation 
of L-methionme and phosphorylation of guamdoacetic acid 

5 Exudence is presented that the methyl donor is either L-methionme or 
a non-oxidatwe, possibly a phosphorylated, derivative 
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THE SYNTHESIS OF 5-CHLOROUEACIL AND 5-BROMOURACIL 

NUCLEOSIDES* 


By DONALD VISSER.t KARL DITTMER, and IRVING GOODMAN 
{From the Department of Chemistry, University of Colorado, Boulder) 

(Received for publication, August 16, 1947) 

Kuhn and cowoikers (1) found that the substitution of chlorine atoms 
for the methyl groups of riboflavin pioduced a specific metabolite antagonist 
for riboflavm A similar structuial change resulted m an antagonist of 
thymme Hitchmgs and coworkeis (2) reported that 5-chlorouracil and 
5-bromouracil inhibited the gioudh of Lactobacillus casei and that either 
thymme or fohe acid countei acted this inhibition Whether 5-chlorouracil 
and 5-bromouracil nucleosides ivould be more effective thymme antagonists 
seemed to present an mterestmg pioblem To solve this, 5-chloro- and 
5-bromouracil nucleosides of n-iibose, n-arabmose, n-glucose, and n- 
galactose were prepared 

The 5-bromouracil nucleosides ivere prepared from the synthetic nucleo- 
sides by the method given by Hilbert and Johnson (3) for the preparation 
of l-glucosyl-5-bromouracil An alternate method in which 1-acetogly- 
cosyl-4-ethoxyuracil, dissolved m carbon tetrachloride, was treated with 
bromme and then hydrolyzed was less satisfactory and gave poorer yields 

The 5-chlorouracil nucleosides were prepared from either the glycosyl- 
uracils or from the intermediate l-acetoglycosyl-4-ethoYy nucleosides by 
addmg anhydrous chlorine m carbon tetrachloride to the desired nucleoside 
dissolved m glacial acetic acid The position of the halogeno substitution 
was established by hydrolysis of the l-n-arabmosyl-S-chlorouracil to the 
known 5-chlorouracil The position of the chlorme and bromme m the 
other compounds was assumed by analogy The preparation from the 
deacetylated free nucleosides with a 5 to 10 per cent excess of chlorme, as 
described for the synthesis of l-D-ribosyl-5-chlorouracil, is undoubtedly 
the method of choice 

The methods of syntheses of these halogenated nucleosides are reported 
m this paper Results of the microbiological studies will be presented 
elsewhere 


EXPERIMENT 

Acelobroino Sugars — ^These compounds were prepared accordmg to the 
published methods (4-6), as modified by the present authors (7) 

* This work was m part supported by a grant from the Office of Naval Research 
t Present address. Department of Biochenustr\ and Nutrition, Unuersitj of 
Southern California School of Medicine, Los Angeles, California 
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2 ,4-Diethoxypynmidine — ^The directions of Hilbert and Johnson (8) 
were followed for the preparation of 2,4-dietlioxypyrmiidine from 2,1- 
dichloropyrimidme 

1-vt-Glvxosyluracil — This compound was prepared by the method of 
Hilbert and Johnson (3), except that diethoxypyrimidine was substituted 
for dimethoxyp 3 Timidme 

l-'D-Arabinosyluracil — 1-D-Arabmosyluracil, m p 250-252°, was synthe 
sized foUowmg the procedure given by Hilbert (9) for the preparation of 
1-L-arabmosyluracil The specific rotation was [«]“ = -88 4° (c = 2 
mHiO) 

l-D-Galactosyluracil — The method of Hilbert (9) was followed for the 
synthesis of this nucleoside 

l-j>-Rtbosyluracil — modification of the procedure of Hilbert and Rist 
(10) was developed for the synthesis of l-D-ribosyluracil After separation 
of 2-triacetoribosido-4-ethoxyp3Timidme, as described by Hilbert and Hist, 
the filtrate was cooled m a COa-acetone freezmg mixture The amorphous 
material, m p 60-66°, w'hich separated (8 gm from 13 gm of acetobromo- 
ribose and 16 gm of 2,4-diethox3mracil) was hydrolyzed m HCl-methanoI 
After removal of the solvents, the residue w'as crystallized from absolute 
ethanol Yield, 27 8 per cent, m p 257° 

l-D-Glucosyl-S-broinow acil — This compound was prepared accordmg to 


the procedure of Hilbert and Johnson (3) 

l-B-Rtbosyl-o-homouracil — Ribosyl-5-bromouracil w'as prepared from 
D-ribosyluracil by the procedure of Hilbert and Johnson (3) Yield, 48 o 
per cent The specific rotation was [«]“ = — 61 8° (c = 2 m HjO) 
l-B-Ardbinosyl-o-bromoui acil — K 10 per cent excess of bromme was adcle 

to a solution of l-acetoarabmosyl-l,2-dihydro-2-oxo-4-ethoxypyrimidme 

dissolved m dry carbon tetiachloride After standing overmght at r^m 
temperature the solvent and excess bromme were removed in vacuo 
yellow residue was dissolved m absolute ethahol and the solution was con 
centrated to dryness by heatmg m an oil bath The addition of alco o 
and subsequent evaporation to dryness w^ere repeated imtil the residue w 
white or slightly yellow Hydrolysis of this residue m absolute 
alcohol and HCl yielded an mcompletely brommated product 
another treatment wuth bromme, with the procedure of Hdbert an o ^ 
son (3), a product havmg the correct analysis for bromine was 
Yield, 86 per cent The product was recrystallized from a^alco 
water solution, m p 260° The optical rotation was Hd ' 


(c = 2 m HoO) 


CjHjiOjN.Br Calculated C 33 43, H 3 43, N 8 63, Br 24 25 
323 13 Found “ 33 76, “ 3 65, “ 8 74, “ 24 60 
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l-T)-Galactosyl-5-b}omouracil — This nucleoside derivative was prepared 
by the method used for the synthesis of l-D-aiabmosyl-S-bromouraciI, and 
the product (68 per cent) was obtained by dissolvmg the reaction mixture 
m an equal weight of hot absolute alcohol followed by the addition of 3 
volumes of chloroform On coolmg, the product, l-D-galactosyl-S-bro- 
mouracil, precipitated as a white amorphous solid but was not obtamed m a 
pure state and had an indefinite melting point 

CioHijOzNiBr Calculated N 7 94, Br 22 5 
353 15 Found “ 8 49, “ 21 1 

l-B-Glucosyl-S-chlorouracil — 5 gm of l-acetoglucosyl-l,2-dihydro-2-o\o- 
4-ethoxypyrimidme were dissolved in 300 cc of dry carbon tetrachlonde 
and 25 cc of glacial acetic acid A 2 per cent excess (0 767 gm ) of chlorine 
in 50 cc of dry carbon tetrachloride was added to this solution at room 
temperature The mixture was aliened to stand overnight and the sol- 
vents were completely removed under reduced pressure at 40° The 
residue was dissolved m 80 cc of dry methanol and 9 5 cc of methanol 
contammg 36 per cent by n eight of HCl were added After standmg for 3 
days the solvents were removed m vaciw at 35-40° The residue was re- 
crystallized from 95 per cent alcohol Smee the chlorine analysis of this 
product was low it was agam treated with a 10 per cent excess of chlorine 
m carbon tetrachloride, yieldmg a product which after crystallization had 
the correct chlorme content The yield was 2 0 gm (63 per cent) of white 
prisms, m p 263-264° The optical rotation was [q;]d® = -M3 9° (c = 2 
in H 2 O) 

CioHijOrNiCl Calculated C 38 90, H 4 24, N 9 06, Cl 11 48 

308 69 Found " 39 58, “ 4 47, “ 9 19, “ 11 25 

1-D-Ardbinosyl-d-chlorouracil — The procedure already described for the 
preparation of l-D-glucosyl-5-chlorouracil was followed for the chlormation 
of l-D-acetoarabmosyl-l,2-dihydro-2-oxo-4-ethoxypyrimidme The prod- 
uct was low m chlorine and was again chlormated as described for the gluco- 
syl nucleoside The yield from 4 gm of the mtermediate acetylated nu- 
cleoside was 2 5 gm (89 per cent), m p 258° The optical rotation ivas 
HS® = -50 4° (c = 2in HjO) 

CjHuOtNiCl Calculated C 38 79, H 3 95, N 10 05, Cl 12 72 

278 67 Found “ 39 09, “ 4 43, “ 10 10, “ 12 SO 

l-B-Galactosyl-5-chlorouracil—This compound was synthesized by the 
procedure described for the preparation of glucosyl-S-chlorouraciI The 
product was isolated in the same manner as galactosj Ithymme (/ ) Analy- 
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SIS showed that the pioduct (53 per cent), which had an indefinite melting 
point, was nearly pure 

CioHnOyNsCl Calculated C 38 90, H 4 24, N 9 06 
308 69 Found “ 38 60, “ 4 24, “ 9 50 

l-'D-Ribosyl-o-chloiowacil — ^This compound was synthesized by the ad- 
dition of a 6 5 pel cent excess of chloime m carbon tetrachloride to a gla- 
cial acetic acid solution of 1-D-ribosyluracil Aftei standmg overnight 
the solvents were removed undei reduced pressure at 35°, and the residue 



Fig 1 Ultraviolet absorption spectrum of l-D-ribosyl-5-bromouraciI The nave 

length IS plotted against the molecular extinction (e (e = F X mol wt )/(cd),i'here 
= extinction, mol wt = molecular weight of compound, c = concentration in gni 
per liter, and d = cell thickness in cm ) 


reciystallized from absolute alcohol, mp 245°, 0 4 gm of l-n-ribosy -o- 
chlorouracil (40 per cent) was obtamed from 0 7 gm of n-ribosylurac 
The optical rotation w'as [«]□* = —87 3° (c = 2 m HjO) 


CsHiiOsNjCl Calculated C 38 79, H 3 95, N 10 05, Cl 12 72 
278 67 Found “ 39 68, “ 4 08, “ 10 15, “ 12 76 


0 -Chlorouracil from Arahinosyl-5-cMoroui acil — 0 5 gm of arabmosy 
chlorouracil was refluxed with 25 cc of concentrated HCl for 12 our^ 
The mucture was concentrated to dryness and the 5-chlorouracil crj'sta ize ^ 
from water, m p 304°, mixed m p with 5-chlorouracil showed no depres 


Sion 
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Ultraviolet Absoi ption Spectra of Uracil Nucleosides — ^The ultraviolet 
absorption spectra of the uiacil nucleosides of D-ribose, D-arabmose, and 
D-glucose and the corresponding 5-chloro and 5-bromo derivatives were 
determined with a Beckman spectrophotometer vnth a hydiogen discharge 
tube as the source of light The maxima and mmima are listed m Table I 
The absorption obtamed is illustrated by the curve of 5-bromoribosyluracil 
of Fig 1 


The authors are mdebted to Mr Jack Fox foi technical assistance and 
to Mr Frank Ramwater for some of the analytical results 


Table I 

Maximum and Minimum Ultraviolet Absorption of Uracil Nucleosides and 
Their Bromo and Chloro Derivatives 



Maximum 

Mmimum 


A 

A 

l-D-Arabmosyluraoil 

2580 

2280 

1-D-Glucosyluracil 

2580 

2280 

1-D-Ribosyluracil 

2620 

2300 

Arabmosyl-5-ohlorouracil 

2740 

2380 

Gluco3yl-5-chlorouracil 

2720 

2360 

Ribosyl-5 chlorouraoil 

2770 

2360 

Arabinosyl-5-bromOuracil 

2760 

2410 

Glucosyl-5-bromouracil 

2760 

2410 

Ribo3yl-5-bromouraciI 

2790 

2420 


SUMMARY 

5-Chlorouracil and 5-bromouracil nucleosides of D-ribose, n-arabmose, 
D-glucose, and D-galactose were synthesized by direct chlormation or brom- 
ination of the correspondmg synthetic nucleosides 
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A NEW SYNTHESIS OF (3-2-FUIlYLALANINE SOME 
DERIVATIVES OF /9-2-FURYLALANINE 
AND i3-2-THIENYLALANINE* 

By WERNER HERZ.f K'^.RL DITTMER, ujd STANLEY J CRISTOL 
(from the Department of Chemistry, University of Colorado, Boulder) 

(Receu ed for publication, August 16, 1947) 

Recent work (1-3) has shown that j8--2-thieny]aIanine mhibits microbial 
growth by virtue of its antagonism to phenylalanme This antagonistic 
activity resulted from the replacement of the vmylene group by the isostenc 
sulfur atom 

These results created an mterest m studymg the effect of ammo acids 
contaimng simple heterocyclic nuclei other than thiophene on the growth 
of microorganisms One of the ammo acids selected for such a study was 
^-2-furylalanme Although this compound has been known for nearly 40 
years, it has not been mvestigated microbiologically It was first prepared 
by’Flatow (4) by the hippunc acid method (5) Sasaki (6) obtamed it 
m good yield via the furfural diketopiperazme condensation product At 
approximately the same time Granacher (7) extended the rhodanme 
method for the preparation of ammo acids to furylalanme, and, more 
recently, Deulofeu (8) used hydantom as a convenient reagent for its 
synthesis 

Although these methods give fairly good yields, it was decided to study 
the preparation of furylalanme by a variation of the acetamidomalonic 
ester method (9, 10) ivhich had been found very convenient m the syn- 
thesis of thienylalanme (11) Furfuryl chloride was condensed in the 
usual manner with ethyl acetamidomalonate in 60 to 70 per cent yield, and 
m 55 to 65 per cent yield with ethyl cyanoacetamidoacetate, a method 
developed more recently (12) The latter product was not obtamed m 
crystallme form, but remamed an oil after many neeks of standmg 

It was found that ethyl 2-furylmethyl acetamidomalonate, when sub- 
jected to basic hydrolysis, required stepwise degradation to the ammo acid, 
as already observed for the indole analogue (9, 10) In addition only a 
small yield of furylalanme, contammated by inorganic matter, was realized 
Acid hydrolysis was not emplojed because of the sensitiiity of the furan 
nucleus For these reasons, ethyl a-acetamido-a-cyano-fi-(2-furyl)-propio- 
nate, though an unpurified oil, was employed as an mtermediate Basic 
hydrolysis of this substance gave a 40 to 50 per cent jneld of furylalanme 

* This Ts ork as m part supported bj a grant from the Office of Nav al Research 

t Present address, Department of Chemistrj, Uni\ersit\ of Illinois, Urbana, Illi 
nois 
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INHIBITION OF THE GROWTH OF STAPHYLOCOCCUS 
AUREUS BY SOME DERIVATIVES OF GLUTAMIC ACID 

By N LICHTENSTEIN aud N GROSSOWICZ 

{From the Deyarlment of Biological and Colloidal Chemistry and the Department of 
Hygiene and Bacteriology, The Hebrew University, Jerusalem, Palestine) 

(Received for publication, July 23, 1947) 

As has previously been reported ( 1 ), L-N-( 7 -glutainyl)-methylamme and 
L-N-( 7 -glutamyl)-ethylamine have been obtained by treating L-pyr- 
rolidonecarboxylic acid with aqueous solutions of methylamme and 
ethylamine respectively In a similar manner, we succeeded m preparing 
the followmg 7 -alkyi derivatives of glutamic acid from l- or DL-pyr- 
rolidonecarboxylic acid and from the correspondmg ammes dl-N-( 7 - 
glutamyl)-ethylamme, L-N-( 7 -glutamyl)-?i-butylamme, L-N-( 7 -glutamyl)- 
ethanolamme, and dl - N- (7 - glutamyl) -ethanolamme All of these com- 
pounds have abnoimally high Van Slyke ammo nitrogen values, such as 
those characteiistic of glutamme and of 7 -methylamide and 7 -ethylaimde 
of L-glutamic acid (1) 

Substances structurally related to metabolites may mterfere with their 
normal function m living cells (2-5) It occurred to us, therefore, the 7 - 
alkylamides of glutamic acid might act as antagonists of either glutamic 
acid or glutamme in the process of bacterial growth Staphylococcus aureus 
was chosen as the test organism for a study of this question We have 
been able to demonstrate that either DL-N-( 7 -glutamyl)-ethylamme, l-N- 
( 7 -glutamyl) -ethanolamme, or DL-N-( 7 -glutamyl)-ethanolamme strongly 
inhibits the growth of this microorganism, and that this inhibition is 
counteracted by n-glutamic acid 

EXPERIMEISTTAL 

Preparation of Glutamic Acid Derivatives — XrPyrrolidonecarboxylic acid 
was prepared as previously described ( 1 ) 

" xiL-Pyrrolidonecarboxylic acid was obtamed by heatmg L-glutamic acid 
m an oil bath at a bath temperature of 190-200° for hours The pyr- 
rolidonecarboxylic acid thus formed was recrystalhzed from hot u atei 

Di.-N-iy-Glutamyiyethylamine was obtamed m the same way as the l 
derivative (1) Yield, 0 8 to 0 9 gm from 6 gm of DL-pyrrolidonecar- 
boxylic acid For analysis, the substance was dissolved m a small quantity 
of water and precipitated by the addition of alcohol It was then dried in 
vacuo over phosphorus pentoxide m a drying apparatus heated u ith boiling 
chloroform, m p 200 ° (uncorrected) 

3S7 
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CtHhOjN. Calculated C 48 2, H S 1, N 16 1 
174 2 Found “ 47 8, “ 7 9, “ 16 2, amino X 14 8 (5 

nun shaking in a Van Slyke volumetric apparatus) 

i^N-(y-Gluta7nyl)-n-hntylami}ie^ — 4 gm of L-pyrrohdonecarboxylic acid 
were treated with 36 gm of 33 pei cent aqueous n-butylamme solution for 
20 to 25 days at 37° m a sealed glass tube At the end of this time the fluid 
was filtered, transferred to a crystallizmg dish, and placed m a ■vacuum 
desiccator o'ver sulfuric acid at loom temperature, as m the case of the 
methyl and ethyl derivatives (1) The resultmg sjunip was mbbed with 
100 cc of absolute alcohol, and the mixture w as stored m a corked bottle 
m the refrigerator overmght The precipitate obtamed, which was m the 
form of colorless, glittermg platelets, -w as filtered by suction, -w'ashed with 
cold absolute alcohol, and dried m a vacuum desiccatoi over sulfuric acid 
Yield, 50 mg , m p 209° (uncoi reeled) 

CjHisOaNi Calculated C 53 4, H 9 0, X 13 9 
202 2 Found “ 53 3, “ 8 8, “ 14 1, amino X 12 7 

(Van Slj ke apparatus, 5 nun shaking) 

ir-N-{y-Glutamyl)-etlianolamm^ — 7 5 gm of L-pyrrohdonecarboxyhc acid 
were treated ■with 45 gm of 33 per cent aqueous ethanolamine solution 
for 20 to 25 days at 37° m a sealed glass tube The filtered solution was 
evaporated to a sjuaip m a vacuum desiccatoi over sulfuric acid, either at 
room temperature or, preferably, at 37° The syrup was i-ubbed with 150 
cc of absolute alcohol and stored for several days m a corked flask m the 
refrigeiatoi The crj^stallme, colorless precipitate was filtered by suction, 
washed with cold absolute alcohol, and dried m a vacuum desiccator over 
sulfuric acid Yield, 0 7 gm , m p 176° (uncorrected) Jor analysis, the 
substance was dissolved m a little water and wms precipitated with alcohol 
It was dried in vacuo over sulfuric acid and then over phosphorus pento'U e 
m a drymg apparatus heated w ith boilmg chloroform 

CjHuOiNj Calculated C 44 2, H 7 4, X 14 7 

190 2 Found “ 43 8, “ 7 5, “ 14 6, ammo X 12 9 

(Van Sh ke apparatus, 5 mm shaking) 

[ajp® = +0 4° (0 5 per cent aqueous solution) 

T>i.-N-(y-Glutajnyl)-ethanolami?ie — ^This substance was prepared in t e 
same manner as the l isomer Yield, 1 5 gm from 7 5 gm of dl-PJTTO i 
donecarboxylic acid, m p 175-176° uncorrected 

CjHhOiXs Calculated C 44 2, H 7 4, X 14 7 

190 2 Found “ 44 2, “ 7 6, “ 14 6, ammo X 12 6 

(Van Slj ke apparatus, 5 mm shaking) 


* ith the assistance of Lea Freidmov 
= "St ith the assistance of M Salomonowicz 
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Assay Procedure 

BasalMedium — The tests were performed m a basal medium of the follow- 
ing composition glucose 3 gm , casein hydrolysate (vitamin-free) 4 gm , 
NaCl 2 gm , Na^HPOi 12HoO 5 gm , iai 2 P 04 0 35 gm , MgSO^ THaO 0 30 
gm , tryptophan 10 mg , thiamme 1 mg , nicotmamide 1 mg , biotm 0 01 
mg The solution was brought to 500 cc volume 

This double strength medium was distributed m 2 5 cc aliquots m tubes 
of ordmary size (15 X 165 mm ), to uhich water or substances to be tested 
u ere then added, and the volume was made up to 5 cc The basal medium 
was thus reduced to half its origmal concentration The medium may be 
sterilized m two u ays, either by adjustmg its pH to 7 (to avoid precipita- 
tion of magnesium phosphate by heating) and then autoclavmg at 15 
pounds pressure foi 20 mmutes, or by autoclavmg a medium devoid of glu- 
cose and magnesium sulfate at pH 7 4 and subsequently addmg these sub- 
stances asepticall 3 ’^ from solutions sterilized separately Smce better 
growth was obtamed at an alkalme pH, the second method of preparation 
11 as preferred 

The sodium salts of L-glutamic acid and l- and DL-pyrrolidonecaibo\ylic 
acid and the hydrochlorides of ethylamme and ethanolamine were sterilized 
by autoclaving (Analyses showed that the substances remamed unaf- 
fected by this treatment ) The y-alkylamides of glutamic acid as i\ ell as 
glutamme were sterilized by filtration and added aseptically to the sterile 
basal medium 

Assay — ^The assays ii ere performed as folloii s The tubes n ere moculated 
with 0 1 cc of a suspension of Staphylococcus aureus grown on agar, pre- 
pared by dilutmg a just barely turbid suspension 1000-fold Such a stan- 
dard inoculum contains approximately 10^ bacteria The growth was 
measured by estimating the turbidity u ith the aid of an Evelyn type of 
electrophotometei With an inoculum diluted to this extent, groiith 
reached its peak only after 35 to 40 hours and ii as therefore measured after 
48 hours of incubation More prolonged mcubation did not alter the re- 
sults As is seen from Table I, both DL-N-(r-gIutamyl)-ethylamme and 
L-N-( 7 -glutamyl)-ethanolamme strongly inhibited the grow th of the test 
org anis m 6 mg of the former and 8 mg of the latter inhibited grow th by 
about 15 per cent, w hile 16 and 20 mg , respectii ely, inhibited grow th by 70 
per cent or even more On the other hand, neither the corresponding 
ammes nor pyrrolidonecarboxylic acid caused any notew orthy inhibition 
(The ammes and pyrrolidonecarboxylic acid w ere mcluded m the experi- 
ments because small quantities of the corresponding ammo salts of pyrroli- 
donecarboxylic acid may be present m the preparations of the alky lamides 
of glutamic acid ) Similar experunents were carried out with Dr.-X-( 7 - 
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EFFECT OF GLtFTAMYLAMrNES ON GROWTH 


Table I 


Effect of Glutamic Acid Derivatives on Growth of Staphylococcus aureus 


Compound added 

Concentration 
per 5 cc 

Photometer reading 
after 48 hrs growth 

None (stenle medium) 

mt 

100 

“ (inoculated) 


43 

Ethylamine hydrochloride 

30 

41 

Ethanolarmne hydrochlonde 

30 

39 

Sodium salt of L-pyrrolidonecarbo\ylie acid 

30 

44 

“ “ “ DL-pyrrolidonecarbo\ylic acid 

30 

48 

DL-N-( 7 -Glutamyl)-ethylanune 

20 

83 

tt 

16 

85 

It 

10 

61 

It 

6 

51 

L-N-( 7 -Glutamyl)-ethanolamine 

20 

80 

11 

16 

77 

tt 

12 

58 

II 

8 

50 


T\blb II 

Effect of L Glutamic Acid and of h-Glulamtne on Inhibition of Growth of 


Inhibitor 

Concen 
tration 
per 5 cc 

GJutamic aad salt) 

or glutamine 

Concen 
tration 
perS cc 

None 

mg 

Glutamic acid 

f»g 

0 

II 


II II 

3 

II 


II II 

5 

L-N-( 7 -Glutamyl) ethanolamine 

20 

II II 

0 

II 

20 


0 5 

II 

20 

II ft 

1 

II 

20 

(i II 

2 

None 


Glutamine 

0 5 

(< 


II 

1 

l-N- (-y-Glutamyl) -ethanolanune 

20 

II 

0 

II 

20 

II 

0 5 

II 

20 

II 

1 

DL-N-( 7 -Glutamjl)-ethjlamine 

20 

Glutamic acid 

0 

II 

20 


1 

II 

20 

II II 

3 

II 

20 

II II 

5 


Photometer 
reading 
after 48 hrs 
growth 


35 

36 
36 
82 
65 
48 
38 
36 
38 
82 
82 
83 
SO 
79 
68 
43 


glutainyl)-etliaiiolamme The inhibition obtained ■nith several 
tions v\ as sometimes equal to and sometimes less marked than that ob 
with the L isomer These differences m activity might possiby 
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e\plained by the assumptioa that traces of glutamic acid were present m 
various preparations of both isomers (see below) 

Further experiments shoved that it was impossible to obtam complete 
inhibition even with amounts twice as large as those described Maximum 

Table III 


Inhibiting Aclion of Glutamic Acid Derivatives on Growth of Staphylococcus aureus 
after Varying Periods of Incubation 


Compound added 

Concea 
tration 
' per 5 cc 

1 Photometer readmg after 

21hrs 

1 24 hrs j 

27 hrs 

32 hrs 

48 hrs 


mg 


! 1 

1 

1 


None (stenle) 

1 


1 


1 

100 

“ (inoculated) 

1 

83 

67 

53 1 

51 

43 

L N-( 7 -Glutamyl)-ethanolamine 

20 

84 

83 

81 

82 

79 

" 1 

16 j 

88 

81 

81 

83 

78 

U ' 

12 

84 

77 

70 

59 

1 60 

dl-N- (-y-Glutamyl) -ethylamine 

16 ! 

85 

86 

86 1 

85 

85 

tt 

10 1 

86 

86 j 

87 j 

87 

87 


Table IV 


Effect of Size of Inoculum on Inhibition of Staphylococcus aureus by Glutamic Acid 

Derivatives 


i 

Compound added 

i 

1 

Conoco 

1 

Inoculum 

Photometer reading after 

per 5 cc 

17 hrs 

20 hrs 

23 hrs 

43 hrs 

72 hr3 

None 

Mg 

1 

standard 

82 

1 

67 

50 

46 

46 

ft 

1 

10-fold 

71 

52 


46 

46 

n 1 


100-fold 

54 

46 

46 

46 

46 

DL-N-( 7 -G]utamyl)-eth> lamme 

14 

Standard 

82 j 

80 

S3 

83 

1 83 

ff 

14 

1 10 fold 

, 85 1 

83 

1 86 

84 


tt 

14 

100-fold 

1 78 

79 

i 81 

79 

1 SO 

L N-(-y Glutamyl) ethanolamine 

14 

I Standard 

85 

81 


82 

81 


14 

1 10 fold 

79 

SO 


82 

81 

ft 

14 

100-fold 

1 

SO 

82 


84 

1 

84 


inhibitions obtamed vith the medium used \aned betveen 70 and 85 per 

cent « 

Reversal of Inhibition by Addition of Glutamic ,-lcid— Table II shons that 
the inhibition induced bv the N-(T-glutamyl)-amines could be overcome 
by L-glutamic acid, vhereas glutamine m the amounts tested proved to be 
ineffective Smaller quantities of glutamic acid vere required to attain 
complete reversal m the case of L-N-fT-ghdamj l)-ethaaolamine than m the 
case of DL-N-(T-glutamyl)-eth3 lamme 
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EFFECT OF GLETAMYLAMINES ON GROWTH 


InhihitDig Effect of Glutamic Acid Derivatives after Varying Periods of 
Incubation — ^Table III shows that neither nL-N-(7-glutaniyl)-ethylaiaine 
noi L-N-(7-giutamyl)-ethanolainme influenced early growth After 21 
hours, growth in both senes, with or without inhibitors, was practically 
equal Latei, however, growth m the contiol tubes proceeded rapidly, 
w^hereas no change in turbidity was observed in the tubes containing the 
alkylamides 

Effect of Size of Inoculum on Inhibition — ^The appearance of the peak 
may be accelerated by the addition of a larger moculum, but the final degree 
of inhibition was not affected by even a 100-fold mcrease of the moculum 
(Table IV) 


DISCUSSION 

The fact that the inhibitory action of the y-glutamylammes on Staphylo- 
coccus aweus does not become pionounced until aftei 24 to 27 hours of 
incubation (Table III) may be evplamed if it is assumed that the concen- 
tration of glutamic acid originally present in the medium is sufficient to 
oveicome the action of the inhibitor, and thereby to permit normal growth 
Later, howevei, as growth proceeds, the glutamic acid is gradually con- 
sumed and the action of the antagomsts becomes more and more pro- 
nounced 

Accordmg to Woolley (3), one of the methods of convertmg an acidic 
metabolite mto an inhibitory agent is by the exchange of some other group 
foi a carboxyl This type of structural change mvolves either (Class A) 
the replacement of the entire carboxyl group by some other group (cy 
nicotinic acid — > 3-pyridmesulfonic acid) or (Class B) the replacement of 
— COOH by — COR (e g nicotmic acid 3-acetylpyridme) It has been 
found by Borek, hliller, Shemess, and Waelsch (6) and by Waelsch, Owades, 
Miller, and Borek (7) that sulfoxides denved from methionme and from 
benzylhomocysteme act as effective antunetabohtes of glutamic acid m e 
grow'th of Lactobacillus arabinosus Whereas the inhibitmg effect obtame 
by these authors belongs in Class A of the structural changes mentione ^ 
above, inhibition of the growth of Staphylococcus aw eus by 7-alkylami es 
of glutamic acid obviously falls withm Class B 

SUMMARY 

1 The prepaiation of the followmg new derivatives of glutamic acid la 
described DL-N-( 7 -glutamyl)-ethyIamme, L-N-( 7 -glutamyl)-n-butylflffl>^®’ 
L-N-(7-glutamyI)-ethanolamine, DL-lM’-( 7 -glutamyI)-ethanolamme 

2 DL-N-(7-gIutamyI)-ethyIamme and L- and DL-N-(7-gIutamyl)-^^ 

amine markedly inhibited the growth of Staphylococcus aureus rs 
hibition was reversed by n-glutamic acid 
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LR^ER REGENERATION AND CYTOCHROME c METABOLISM 
INFLUENCE OF AMOUNT OF TISSUE EXCISED AND OF 
DIET, WITH A NOTE ON ACCOMPANYING 
CHANGES IN LIVER NUCLEIC ACIDS* 

By DAVm L DRABKIN 

With the Technical Assistance op Jacqueline M Fetsko 
AND Burnetta L Lechone 

{From the Departments of Physiological Chemistry, School oj Medicine and the 
Graduate School of Medicine, University of Pennsylvania, Philadelphia) 

(Received for publication, August 8, 1947) 

In a previous communication from this laboratory (2), partial hepatec- 
tomy or liver lobectomy m the rat ivas mtroduced as a quantitative meta- 
bolic technique m the study of cytochrome c The removal of liver substance 
may be regarded as a “depletion stimulus” to the ensumg proliferative 
process, affordmg an opportunity for the quantitative study not only of 
the appearance or production of substances of metabolic mterest m the 
regeneratmg tissue, but also of the restorative process itself The rate of 
appearance of new cytochrome c m the regeneratmg liver was thus deter- 
mmed durmg a restoration (postoperative) period of 14 days (2) For 
historical information, details of the liver lobectomy and the high degree 
of reproducibility of ratios of lobe weight to total liver mass, reference may 
be made to the earlier paper (2) In a contmuation of this work, the 
mfluence of a number of factois upon cytochiome c metabolism and liver 
restoration has been studied Among the factors mvestigated and re- 
ported here are the effect of the amount of liver excised, the role of dietary 
protem (no protem and high protein diet), and the mfluence of length of 
duration of the restoration period In the followmg paper results will 
be presented upon the effect of oxygen deprivation (anoxia, mduced by 
smiulated high altitude), and on the mfluence of mjection of cytochrome 
c prior to liver lobectomy and durmg active tissue restoration The 
experimental evidence suggests that cytochrome c is an important com- 
ponent m the regenerative process The nitrogen metabolism of partially 
hepatectomized rats and the effect of various factors m liver regeneration 
were independently investigated by Vars, Gurd, and Ravdm (3) 

* This work was earned out under contract between the Office of Naval Research 
and the University of Pennsylvania A report was made at the meetings of the Fed- 
eration of American Societies for Experimental Biology at Chicago, May 18-22, 1947, 
and an abstract has appeared (1) 
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CYTOCHROME C AND REGENERATION 


Methods 


Regimen-^A.d\}L\ albmo lats from our laboratory colony, onginalb' 
of Wistar Institute stock (2), of known age (150 to 200 days) and 180 
to 300 gm m weight were used Recoids ^\ere kept of the initial weight 
before the start of the special dietaiy regimens, of preoperative weight 
after 13 days on the experimental diet followed by a 24 houi fastmg period, 
and of final weight 4, 6, and 14 days postoperatively, the animals being 
maintained on the experimental diet for 3, 5, and 13 days lespectively, 
followed by a 24 houi fastmg peiiod m each case befoie saciifice m the 
manner previously desciibed (2) It may be emphasized that m the above 
procedme the “mtemal control” liver tissue excised at the lobectomy 
and the final regenerated livei obtamed at the termination of the experi 
ment are from animals fasted 24 hours and therefoie low" m glycogen 
(of the order of 0 5 to 0 6 per cent) This fastmg peiiod provides an 
additional burden for the animals on the protem-fiee diet, but is ad 
vantageous for accurate cytochrome c analyses (2, 4, 5) It appeal's prob 
able that 13 days on no protem plus 1 day of fasting preoperatively may 
lepiesent the maximal deprivation stimulus foi liver regeneration to which 


the rat organism may be exposed w"ith any degiee of safety ^ 

The diets employed, high and no protein respectively, weie synthetic 
Each pro'vided the same numbei of calories, the same salt mLxture, and 
the same full supplement of vitamms The composition of the htffh 
{31 per cent) protein diet was as follows sucrose 53 5, Cellu flour 2 0, 
crude casern (80 to 83 per cent of protem content) 37 5, cod liver oil 3 0, 


and salt mixture 4 0 parts pei hundred In the no protem diet the casein 
was omitted and the sucrose content was 91 paits per bundled The salt 
mixture w"as slightly modified from that of No 12 of Jones (6) by doublmg 
the altow"ance of iron to assure an optimal provision of this element This 
salt mixture was chosen smce it provides, besides the common morganic 
elements, also tliose requiied in trace quantities, as Mn, Zn, Cu, apd Co, 
some of which may be involved m hemm metabolism Per kilo of eac 
dietary muxture the followmg vitamm supplements w ere added thiamine 
0 01, riboflavm 0 Ql, nicotinic acid 0 10, pyiidoxme 0 01, calcium pant^ 
thenate 0 06, mositol 0 60, p-aramobenzoic acid 0 20, and cholme chlori e 
2 0 gm On an dverage intake of 6 to 10 gm of the mixed diets per ra 


1 Whereas on an adequate diet (2) and on the present high protein diet 
mortality waazero, on the no protein regimen si\ of seventeen animals did 
Vive Two of these rats died preoperatively during the administration o 
anesthesia, the other four animals in the first few postoperatue dajs 'C ® 
rats which survived for the whole experimental period of 14 dajs jlig 

excision resumed alimentation promptly after the operation Hence, a t 
diet IS lacking in protein there is no doubt some virtue in the intake o ca or 
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per day, appioximately 1/100 to 1/150 of the above amounts of each vita- 
min and approximately 3 to 4 mg of Fe and 0 04 to 0 05 mg of Cu were 
consumed daily 

Liver Lobectomy — ^Except for a slight modification, the excision of the 
cartilagenous poition of the xiphoid process,* the technique for liver lobec- 
tomy was as given pieviously (2) In the present experiments both the 
left lateral and median lobes (cf (2)) were excised This repiesents a 
lemoval of 68 4 pei cent of the liver, the closely reproducible ratio of 
(gm of left lateial -j- gm of median lobe)/(gm of original total liver) 
= 0 684 havmg been established for the lats of oux colony by CiandaJl 
and Drabkin (2) Tivo quantities, “gm of livei excised” and “gm of 
final total liver,” aie measuied directly (c/ (2)) Other values are cal- 
culated as follows 


Gm original total liver = gm liver e\cised/0 684 (1) 

Gm remaining liver = (gm original total liver) — (gm 'liver excised) (2) 

Gm new or restored liver = (gm final total liver) — (gm remaining liver) (3) 

T, , , , X gni new or restored liver , . 

Fraction restoration or regeneration = i ; (4) 

gm liver excised 

% restoration or regeneration = fraction restoration or regeneration X 100 (5) 


The above relationships may be combmed to show the over-all de- 
pendency upon the two measured quantities, 


Fraction restoration or regeneration = 

(Gm final total liver) — ((gm liver e\cised/0 684) — (gm liver excised) ) 

Gm liver excised 


( 6 ) 


This IS oui usual method of calculatmg the amount of tissue regeneration 
01 the amoimt of new cytochiome c xvhich has appeared m the regenerated 
livei from analyses upon the tissue excised at operation and upon the liver 
removed at the teimmation of the expeiiment The animals on the no 
protem diet, m contiast with those on the high protem diet, lost v eight 
duimg the comse of the experiment (Tables I and III) In 2Meeks pre- 
opeiatively on the no protem diet the loss of x\ eight averaged approxi- 
mately 54 gm (fiom the data m Table III, vitli the initial weight before 
startmg the diet collected foi 1 day of fastmg) This loss of body sub- 
stance raises the question of the validity of comparing the results upon 
the two diets on the common basis of Equation 6 Theoretically a more 
valid comparison might be obtamed by leferrmg legeneration to the mass 

^ 2 This modification affords a freer access to the abdominal cavity and was intro- 
duced by Dr Fraser Gurd of the Harrison Department of Surgical Eesearch I am 
highly indebted to Dr Gurd for most of the surgery and to the above department 
for the use of their facilities 
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of the original liver, prior to initiation of the special diets In this alterna- 
tive method of calculation reliance must be placed upon a relationship of 
liver mass to body mass, which for our 24 hour-fasted rats was established 
to be gm of liver = 0 0262 X gm. of body mass (2) By means of the 
above factor the foUowmg relationship is obtamed 

Fraction restoration or regeneration = 

(Gm. final total liver) — ((gm initial body mass X 0 0262) — (gm liver excised)) 

Gm liver excised 


Although m our eailier evperiments (2) gm of anginal total liver appeared 
to be about as reliably obtainable from gm of liver excisedfO 684- as from 
gm of initial body mass X 0 0262, m the present work, m agreement mth 
the findmgs of others (7), the relationship of mass of lobes to mass of total 
hver was the more consistent I therefore favor calculations by means of 
Equation 6 While the values obtamed by the alternative methods of 
calculation do not agree closely m some animals, the magnitude of the 
differences is such that identical conclusions may be reached by either 
method (2) 

Analytical Procedures — ^The concentration of cytochrome c m the e\ 
cised liver and, at the termination of the e\periment, m liver, kidney 
cortex, heart, and skeletal muscle* was determmed by Ihe direct micro 
spectrophotometric method of Rosenthal and Drabkm (4) Upon ali- 
quots of the tissues the wet weight to dry weight ratios ivere obtamed as 
previously described (2) In place of the protein-bound phosphorus mde\ 
of “ceUularity” (5), m the present expenments the concentrations of nboae 
nucleic acid, PNA, and of desoxyribose nucleic acid, DNA, were deter- 
mmed m appropriate tissue aliquots, accordmg to Schneider (8) These 
analyses were made with the lUett-Summerson (9) photoelectric photom- 
eter, the orcmol reaction and the red (\ 660 m;i) filter bemg used for 
PNA and for DNA the diphenylamine reaction with the green (X 54 
mp) filter ■* 


Results 

The data presented m Table I establish the fact that both liver restora 
tion and the amount of appearance of new cytochrome c m the regenera 
mg liver are functions of the amount of tissue excised Appreciably more 

’ As m the previous work (2), no significant changes were found in 
than liver after partial hepatectomy Therefore, data on kidney cortex, hear , 

skeletal muscle will not be reported gaoiplea 

<The photometric analyses were against standard curxes obtained wit 
nf purified yeast nucleic acid (PNA) and the sodium salt of thymic nuc ei 

(DNA), for which I am indebted to Dr Seymour S Cohen, the Children s = 

(Department of Pediatrics) and the Department of Phjsiological Chemistrj, 
of Medicine, University of Pennsylvania 



Table I 

QuaniUy of Liver Regeneration and New Cytochrome c in Liver ajler U Days of Restora- 
tion on High (31 Per Cent) Protein Diet, Following Excision of Different 

Amounts of Liver 


In Rats H6 to H9 the left lateral lobe (36 2 per cent of the liver) was excised 
In Rats 4 to 18 the left lateral and median lobes (68 4 per cent) were excised 


Rat 

No 

Body 

weight 

Ln er excised 

(4) 

63 

> 

1 

o 

> 

c 

Cyto- 
chrome c in 
remaming 
livcrf 
(7) 

Final total 
liver 

(8) 

New or 

Cyto- 
chrome 
c in final 
livcrj 
(10) 

New cyto- 

Prcopcralivc 

*3 

S 

Amount 

ir fl* * * § 

ti 

a 

u 

u 

O 

*0 

AS 

u 

3 

I 

*3 

c 

a 

o 

e 

< 

Per gm tissue, 
wet weight 

•5 

(3 

Amount 

IK D 

r^tored 

liver 

tissue 

Pergm tissue, 
wet weight 


chrome c 
in restored 
liverS 

(1) 

(2) 

(31 



(o) 

(6) 





(9) 



(11) 



gm 

gm 


gm 

gm 

y 

y 

gm 


per 

cent 

y 

y 

y 

per 

cent 

H6|| 


281 

2 94 


8 12 

5 18 

180 

933 

6 93 

3 36 


184 

1275 

342 

26 8 

H7|| 


247 

2 h 

4 01 

6 68 

4 26 

181 

771 

5 65 

3 33 


203 

1147 

376 

32 8 

HS|| 

288 

275 

2 84 

3 43 

7 57 

4 73 

268 


5 99 

3 22 

44 4 

265 

1588 

320 

20 2 

H91I 


mm 

3 11 

3 37 

8 59 

5 48 


1590 

7 51 


65 4 

289 


580 

26 7 

4 

286 

287 

6 72 

3 20 

9 82 

3 10 

191 

592 

7 14 

3 19 

60 1 

214 


936 

61 4 

6 

239 

241 

5 08 

3 18 

7 43 

2 35 

175 

411 

6 30 

3 34 

77 8 

192 

1210 

799 

66 0 

6 

265 


5 55 

3 32 

8 11 

2 56 

168 

431 

6 21 

3 38 

65 8 

215 

1332 

901 

67 6 

10 

248 


5 13 

3 21 

7 51 

2 38 

177 


5 88 

3 28 

68 3 

208 


801 

65 6 

11 

288 


5 12 

3 24 

7 49 

2 37 

174 


6 82 
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* IF D = wet a eight to dry weight ratios 

t The values for the concentration of cytochrome c per gm of wet weight of the 
remaining liver were obtained from the analyses of excised liver The values for 
total cytochrome c were calculated by multiplying the concentration of the pigment 
(Column 7) by the corresponding weights of remaining liver tissue (Column 6) 

t The values for total cytochrome c were calculated by multiplying the concen- 
tration of the pigment (Column 10) by the corresponding weights of final total liver 
(Column 8) 

§ Total cytochrome c in final liver (Column 10) minus the corresponding values 
for total cytochrome c in the remaining liver (Column 7) 

II From data of Crand all and Drabkin (2) 

IT Standard error = 's/sd'/n (n — 1) 
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ments m new pjgment were 16 1, 10 9, and 4 8 per cent for regeneration 
periods of 4, 6, and 14 days respectively Cytochrome c was therefore 


Table III 

Quantity of Liver Regeneration andNew Cytochrome c in Liver after H Days Restoration 
on No Protein Diet, Following Excision of 68 4 For Cent of Liver 
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* For methods of calculation and s3rmbol3 see foot-notes to Table I 
t Did not survive postoperatively See foot-note 1 
t N P = no protein diet, Eats 1 to 28, this table 
§ H P = high protein diet. Rats 4 to 18, Table I 

produced or deposited early m the process of tissue restoration 
becomes obvious that calculations of the daily mcrement m new cytoc 
c m liver, based upon analytical values obtamed after 14 days of regen 
tion (2), are artificial 




















Table I 

Quantilv of Liver Regeneration and New Cytochrome c in Liver after I 4 Days of Restora- 
tion on High (31 Per Cent) Protein Diet, Following Excision of Different 

Amounts of Liver 


In Rats H6 to H9 the left lateral lobe (36 2 per cent of the liver) was excised 
In Rats 4 to 18 the left lateral and median lobes (68 4 per cent) were excised 
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* IF D = wet a eight to dry weight ratios 

t The values for the concentration of cytochrome c per gm of wet weight of the 
remaining liver were obtained from the analyses of excised liver The values for 
total cytochrome c were calculated by multiplying the concentration of the pigment 
(Column 7) by the corresponding weights of remaining liver tissue (Column 6) 

t The values for total cytochrome c were calculated by multiplying the concen- 
tration of the pigment (Column 10) by the corresponding weights of final total liver 
(Column 8) 

§ Total cytochrome c in final liver (Column 10) minus the corresponding values 
for total cytochrome c in the remaining liver (Column 7) 

II From data of Crand all and Drabkin (2) 

IT Standard error = 's/sd'/a (n — 1) 


399 














404 


CTTOCHHOilE C E^:GE^rERATIO^■ 


change to the high protein diet, most of the new pigment had appeared 
m the preceding period of 14 days on no protem Apparentl.v, m these 


Table R’’ 

Effect on Liter Regeneration andl\ew Cjlochrome c in Liierby Change from Vo PraUin 

Diet to High Protein Diet 


The total restoration period ivas 2S days, 14 d 333 on the no protein diet, lolloted 
bj 14 da 5 s on high protein 



* For methods oi calculation and sjmbols see foot-notes to Table I 
■j 14 daj s restoration on no protein diet, irom data in Table III 

* Percentile difference between 14 days postoperatii e restoration on no prot 
diet and 14 additional daj s aster change to high (31 per cent) protem diet 

§ Daily percentile increment in nen cytochrome c alter change to hig pto 

diet 


expenments conditions were ripe for the utilization oi dietary protein 

111 er regeneration ^ i „ fn- nhose and 

In Table V representam e results are furnished or analj’ses lor 

desoxynbose nucleic acid m In er restoration on the no protein e 












Ribosc Nucleic Acid {PNA) and Desoxijnboso Nucleic Acid (DNA) aflci I4 Days Rtsioration, 
Following Excision of 6S 4 Per Cent of Liver 

Ihc 'inalysGs of PNA and DNA ^^G^e poi/oimcd in each ease on duplicate aliquots of tissue 
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64 to 67) and on the high piotem diet (Rats 68 to 71) The difierences 
in the given mean values for the two gioups were all highly significant 
statistically (9) The quantity of DNA boie a close relationship to the 
quantity of livei tissue, and it may be seen that the percentile increments in 
DNA (Column 8) weie closety similar to the peicentages of restoration 
of livei (Column 7) This is not sui prising since DNA is a constituent 
of cell nuclei and cellulai proliferation has occurred The changes in 
PNA, on the othei hand, weie lemaikable Theie was an unusually 
large mcrease m concentration of PNA duimg regeneration on the no 
protem diet In spite of the higher watei content of the liver on the no 
piotem diet (Column 5), there was a 2-fold greater concentration of PNA 
m the regeneiatmg livei on no piotem than on high protem (Column 6) 
As a consequence of this difieience m concentration the total quantity of 
PNA (calculated fiom the values m Columns 5 and 6) and the mciement 
m PNA (Column 8) were, mdeed, slightly gi eater on the no protem diet, 
althougli regeneiation was some 30 pei cent less m this case (compare the 
values m Column 7) It seems clear that the cytoplasmic PNA is in- 
volved m some way m the legeneratne process and is mdependent of 
dietary protem, even more strikmgly so than cytochrome c, parallel 
changes m which have been desciibed above It should be emphasized 
that sufficient PNA has been foimed on no protem, so that if these animals 
had been shifted to high protem (m e\peiiments comparable to those 
presented m Table IV) there would be no further production of PNt 


DISCUSSION 


The various expeiiments which have been carried out suggest that the 
concentration and pioduction of certain constituents of tissues, such as 
cytochrome c and iibose nucleic acid, are relatively mdependent of dietary 
protem This appeared to be particularly strongly mdicated m e 
ex^peiunents on liver regeneration on a no protem diet, regarded as 
fordmg the maximal “deprivation stimulus” foi regeneration, m wine 
unusually marked mcreases m the concentration of both cytochrome c 
and PNA v ere found m the tissue attempting to regenerate under nu 
tritional conditions far removed from ideal 
Both intrinsic (tissue) and extrinsic (dietary) factors appear to 
cemed m the tissue regenerative process after partial hepatectomy 
as best illustrated m the experiments mvolvmg a change Jrom 
to high protem durmg the restoration period After the ‘ depw 
hver tissue of mtrmsic factors (cytochrome c and PNA m t le 
work) on the no piotem diet, allowance of extrmsic dietary T j, [jje 
in unusually great lirer regeneiation It may be P°^^^ Utilization 
mtrmsic factors exert a primmg influence and play a role i 
of dietary protem m restoration It is of interest that the 
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may piove to be constituents of the cytoplasm lathei than the nucleus 
By means of diffeiential centrifugation cytochrome oxidase, closely 
associated with cytochiome c, has been shown (10, 11) to be a constituent 
of the mitochondrial or large aggregate fraction of the cytoplasm PNA 
IS also cytoplasmic but not limited to the mitochondria (11) 

On the basis of our experiments the provisional hypothesis is favoied 
that certain cellulai, peihaps cytoplasmic stnictural components, like 
cytochrome c and PNA, are pieferentiaUy produced m tissues and aie 
important or essential m normal growth and proliferative processes 
The extraordmaiy mcrease m the concentration of PNA m tissue re- 
generatmg under the stiess of nutiitional deprivation (absence of dietary 
piotem) suggests that ribose nucleic acid particularly may be mvolved m 
the piocess of protem S 3 ui thesis Quantitative chemical evidence for this 
idle of PNA does not appeal to have been available heietofore, although 
Caspersson and his colleagues (12) on the basis of histochemical studies 
have pioposed relationships of nucleic acids to cellular protem synthesis 

SUMMARY 

By means of the technique of partial hepatectomy m the rat, liver re- 
generation, cytochrome c metabolism, and nucleic acids have been m- 
vestigated with reference to a numbei of variables the influence of the 
amount of tissue excised, the duration of the restoration (postoperative) 
period, and the effect of dietary protem 
The amount of restoration of livei tissue and quantity of new cytochrome 
c m livei were found to be functions of the amount of tissue removed 
Most of the liver legeneiation and all of the new cytochrome c “pro- 
duction” occurred m the first 4 to 6 days after partial hepatectomy 
The rate of appearance of new cytochrome c was found to be 16 1, 10 9, and 
4 8 per cent per day for restoration periods of 4, 6, and 14 days respec- 
tively 

The appearance of new cytochrome c and ribose nucleic acid pio\ed to 
be relatively independent of dietary protem, and the concentrations of these 
tissue constituents were, significantly, appreciably greater m regeneratmg 
livei from rats on the no protem diet than from those on the high protem 
diet The experiments appear to favor the view that PNA may be par- 
ticularly concerned with piotem synthesis during regeneration 

In experiments mvohmg a change durmg the restoration period from 
no protem to high piotem, unusually great li\ er regeneration v as ob tamed 
The various experiments have led to the conclusion that certam cellular 
components, like cytochiome c and PNA, are preferentially produced or 
“deposited” m tissues, and are important or essential m groi\ th and pro- 
liferative processes, which appear to depend on intrinsic (tissue) as well 
as extrinsic (dietary) factors 
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LIVER REGENERATION AND CYTOCIIROIVIE c AIETABOLISM 
INFLUENCE OF ANOXIA AND OF INJECTION 
OF CYTOCHROME c* 
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WlTJI Tlli, Tj CIIMCAL AsSISlANCfc 01 Jacqullim, M Fltsko 
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{[<roin the DcimTlmcnl of Phyniologtcal C'hcmmtry, Graduate School of Medicine, 
Unncraily of Pcnnaylvanta, Philadelphia) 

(Received for publication, August 8, 1917) 

In a continuation of studies of the effect of vaiious factors on cytociuomc 
c metabolism and livei legeneration m partially hepatectomizcd lats, re- 
ported m the pieceding papci (2), it was found that the quantity of tissue 
restoration and latc of appeal ance of new cytochrome c m the regenerating 
liver wcie functions of the amount of liver excised and the length of 
duiation of the restoiation peiiod Moreover, it was demonstrated that 
the appearance of new cytochrome c in the regenerating tissue was rel- 
atively independent of dietary protein But, after the “deposit" of 
cytochiomc c and piesiimably other cellular constituents as ribose nucleic 
acid, which was also determined (2), the allowance of protein in the diet 
resulted in unusual tissue giowth (cf (2), experiments involvmg the 
change from no piotein to the high protein diet) This interestmg and 
probably significant finding appears to favor the hypothesis that certain 
cellular, perhaps structural, components like cytochrome c, arc pre- 
ferentially produced in tissues and are important or essential components 
in the processes of noi-mal growth and proliferation 

It was also regaidcd of interest to investigate the influence of anoxia, 
produced by oxygen deprivation (life at simulated high altitude), and of 
injection of cytochiome c on liver cytochiomc c and on the restorative 
process following paitial hepatcctomy This w’oik is reported in the 
present paper 

In the cxpciiments on anoxia resulting from deprivation of inspired 
oxygen it was hoped that a degiec of tissue anoxia would be produced 
which might have some effect on cytochrome c metabolism Rats appear 

* TfuB work was done under contract between tho Office of Naval Research and the 
University of Pennsylvania A report was presented at the mectinga of the I edera- 
tion of American Societica for iNpcriniental Biology at Chicago, May 18-22, 1917, 
and an abstract has appeared (I) 
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to be unusually resistant to oxygen deficiency (3) and ■yvith the moderate 
high altitude employed m the present work 'n e were defeated in our ob 
jectn e of demonstratmg a possible effect of oxygen want either on C}do- 
chrome c metabolism or on liver regeneration Howe^ er, these experiments 
had the happy outcome of separating unequivocally what may be regarded 
as the 'pnmary resyonse to lack of mspired oxygen, the veil recognized 
response of the oxygen carrier or transport sj^stem, hemoglobm and led 
blood corpuscles, from anj* postulated secondary response nhich might 
occur, such as an accommodation of the oxygen utilization mechanism, the 
cidochrome system For clarity of interpretation the distmction between 
the two phases, oxj>-gen supply and oxygen utilization, must be borne m 
nund On the other hand, from the metabohc standpomt, the presence of 
the common henun configuration m hemoglobm and cytochrome c renders 
the mdependence of response of these pigments to ph3'Siological stimuh of 
mterest 

While the viev. that tissue cytochromes are produced in situ v, as fa\ ored, 
it was pomted out bj'’ Crandall and Drabkm (4) that limitations m the 
present analytical techmque (5) did not permit a decision as to uhether the 
neu C3’-tochiome c which appeared m the regenerating hver had been pro- 
duced there de noio or whether the pigment may have been deposited m the 
regeneiatmg tissue after mobihzation from a “storehouse” such as skeletal 
muscle It was therefore pertment to test the effect of administering 
c 3 ’tochrome c m comparatively large amounts before and durmg actiie 
hver proliferation If preformed cyiochrome c could be deposited m 
tissue cells, under the above conditions a maximal opportunity for such a 
process would be afforded 


Methods 

In these experiments the high protem diet, described m the preceding 
paper (2), was used For details as to the rats employed, the alimentation 
period, the procedure of hver lobectomy, and the anal 3 dical techniques re 
ference must be made to the above paper (2), as n ell as to earher com 

mumcations (4, 5) j n nh 

Oxygen Deyriiation — ^The effect of anoxia, mduced by simulate i 
altitude, was studied m a small low pressure chamber of approxima e 
120 cu ft capacity, w ith the rats m mdindual cages \ . 

kept contmuousl 3 ^, except for bnef mterruptions to remoxe foo 
preoperatixely and for the surgery, durmg a period of of 

operative and 6 days postoperative) at a moderatel 3 ' high at i „ 
15,500 i 100 feet ^ This corresponds to a barometric pressure o 
mm of Hg and to an ox 3 ’-gen partial pressure m the inspired gas mux 

1 “Ascent” and “descent” nere gradual in a time interval of about 1 5 to- 
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88 mm of Hg or about 55 per cent of the normal at sea level For 1 
day postopeiatively glucose was included m the drinking water to cir- 
cumvent the possible development of hypoglycemia, which has been ob- 
served m partially hepatectomized lats exposed acutely to very low bar- 
ometiic piessures, conespondmg to altitudes of 32,000 to 47,000 feet (6) 
No untoward symptoms were observed under our conditions The 
animals appeared less active than at sea level, and the impression was 
gaine'd that they consumed more water and less food The latter may be 
reflected m the lecoided slight loss of weight (Table I) In these rats, 
besides cytochiome c, the concentration of hemoglobin, eiythrocytes, and 
myoglobm was also measured The led coipuscle count was carried out m 
the usual manner, but to msure accuiacy m the piesence of the pronounced 
polyc 3 dhemia a dilution of the blood 3-fold greater than normal was used 
Hemoglobm was detei mined spectiophotometiically as cyanmethemo- 
globm, with the constant « (c = 1 mM pei liter, d = 1 cm ) = 11 5 at wave- 
length 540 mir (7) Myoglobm, aftei quantitative volumetric extraction 
(4), was also determmed spectrophotometncally as cyanmetmyoglobm, 
with the constant e (c = 1 mM per liter, lefened to a molecular weight of 
16,450, based on 0 34 pei cent of iron, d = 1cm) = 113 at wave-length 
540 mM (8) 

Injection of Cytochrome c — Cytochiome c of high purity and biological 
activity was mjected mtrapentoneally daily for a period of 9 days before 
liver lobectomy and foi 5 days postoperatively To avoid error m mter- 
pretation owmg to the probable presence of cytochrome c m extiacellular 
fluid soon (2 to 4 hours) after injection (Table III), the technique was 
adopted of admmistermg the last doses of cytochrome c 24 hours pre- 
operatively and 24 hours before sacrifice of the animal Thus, partial 
hepatectomy was perfoimed 10 days after the start of mjections, and the 
experiment was termmated 6 days after the operation 

The cytochrome c employed was prepared from a mixture of horse and 
beef heart muscle by slight modifications m the Keilm and Hartree method 
(9), accordmg to Pieparation 6 of Diabkm (10), except for the omission of 
dialysis against watei and acetone precipitation ® The concentration of 
the final pigment solution was 10 03 mg per ml , deteimmed spectro- 
photometrically as ferrocytochiome c after reduction wuth NaiS’Oj, with 
the provisional constants e (c = 1 mxi per liter, referred to a molecular 
weight of 13,000, based on 0 43 per cent of iron, d = 1 cm ) = 26 11, 

“ In the notation e (c = 1 nixi per liter, d = 1 cm ), e = (l/(c X d)) X log la/I, where 
the concentration, c, is expressed in mu per liter, d, in cm , the intensity of incident 
radiation, In, is 1 0, and the intensity of transmitted radiation, I, is expressed as a 
fraction of unity 

’ I am indebted to Dr H Tint and Dr J Seifter of the Wj eth Institute of \pplied 
Biochemistry, Division of Wyeth, Inc , Philadelphia, for the cj tochrome c 
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7 39, and 15 4/ at the wave-lengths 550, 535, and 520 respectively 
(10) When collected foi the chloride content,^ tlie purity of this prepa 
ration was close to theoretical for cy tochi ome c of 0 43 per cent iron content, 
and was appreciablj’’ higher than that of the best pieparation reported by 
the author'* (10) This is of interest and deserves further study since no 
lesoit was made to special methods of purification (11) The biological 
activity of the cj'^tochiome c v as high, as tested both by the succinate dehy- 
drogenase (12) and hydioquinone method (13), with pig heart and pig- 
kidney respectively as a souice of the o\idase ® 15 ml of the preparation, 
equivalent to 15 mg of pure cytochrome c (of 0 43 per cent iron content), 
■ft ere administered daily This quantity is equivalent to the total cyto- 
chrome c content of the body of rats of this size (250 gm ) (4), and during 
the period of study the total injections amounted to 210 mg of the pigment 
In these animals cjdochiome c nas determmed not only in the tissues of 
mterest, but also m the uime excreted duimg the whole period 


Results 

The data presented m Table I show conclusively that the anoxia of 
oxygen deprivation, induced by life at simulated, moderate high altitude, 
had m the rat no effect on either livei legeneiation oi appearance of new 
cytochrome c On the other hand, data obtained from the same anunals 
on the concentration of hemoglobm and erythrocytes (Table II) indicate 
that the deficit of oxygen m the mspiied gas was of sufficient degree to call 
forth a rapid and striking response of the oxygen transport system ® There 
appeared to be a greater inciease m the number of red blood corpuscles 


^According to Dr Tint’s analyses, the total dry solids in the preparation were 
13 48 mg per ml , while the solids minus Cl as NaCl u ere 10 36 mg per ml , indicating 
that the solution contained, exclusive of NaCl, cytochrome c (of molecular neig 
13,000) of 97 per cent purity ( (10 03 X 100)/10 36) Dribkin’s Preparation 6 (10) had 
a purity of 79 6 per cent It remains to be established i\ hether the provisional spec 
trophotometric constants, hich w ere used (see the text) are correct, or nhether e 
present high purity is a matter of chance, or the earlier preparation, which 
acetone-precipitated and dried, was of higher purity than reported, owing to o 
possibility that it may not have been salt-free or thoroughly dry 

® The activity was determined by Dr H Tint While total cytochrome c 
tration is determined most accurately spectrophotometrically, it should be pom 
out that the spectrum of ferrocytochrome c does not invariably guarantee bio ogic 
activity Unpublished data suggest that, whereas the activity of cytochrome c so 
tions, prepared by the Keilin and Hartree procedure (9), is retained 
unchanged when these solutions are kept at refrigerator temperature even or 
years, such is not the case with cytochrome c prepared as a dry powder ^ ® 
acetone precipitation and stored at room temperature The latter materm r 
soluble and still gives the characteristic spectrum after reduction wit 
® Hemoglobin and erythrocytes, no change was found in the myog o i 
of skeletal muscle 
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Table I 

E_ffcct of Oxygen Deprivation* on Liver Regeneration and New Cytochrome c in Liver 
after Exeision of 68 4 Per Cent of Liver 


The restoration (postoperative) period was 6 days on the high protein diet (2) 
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10 9 


* AnoMa, induced by simulated high altitude for 5 preoperativc and 6 postopera- 
tive days (see “Methods”) 

t For symbols and calculations see foot-notes to Table I, preceding paper (2) 
j Rats 35 to 46, this table 
§ Rats 51 to 54, Table II, preceding paper (2) 

than in the concentration of hemoglobm, particuJarlj’^ during early ac- 
climatization (5 days preoperative) The unequal mcrease in hemoglobm 
and eiythrocytes nas responsible for the deviation from normal of the 
ratio of the tu o quantities (Column 4, Table II) The exact significance 
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of this change m latio is uncertain, but it may be used as evidence that the 
increase in the concentiation of hemoglobin and eijthioeytes was not a 
consequence of aiili 3 ''diemia That dehydiation was not a factor was also 
suggested by the state of the tissues at saciifice, and by the wet to diy 
weight latios (Columns 4 and 8, Table I) Indeed, there was a slight 


Table II 

Mean Values for Hemoglobin and Erylhrocyte Concentration in Partially Hepateclo- 
mized Rats (Table I) Subjected to Anoxia of Simulated High Altitude 


U) 

Hemoglobin, 
gm per 100 ml 
blood 

1 

Erythrocytes, 
millions per 
c mm blood 

(3) j 

Ratio of 
hemoglobin to 
erythrocytes' 

(4) 

Controls at sea level 

15 9 

n 

2 06 

5 days preoperative at 15,500 ft 

21 9 

mSm 

1 47 

6 “ postoperative “ 15,500 “ 

21 0 


1 85 


* Values in Column 2 divided by corresponding values in Column 3 


Table III 

Relationship of Interval of Time after Intraperitoneal Injection of 15 Mg of Cytochrome 
c to Analyses of Cytochrome c, C, in Tissues* 


Rat No 
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1 
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weight j 

m 
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cytochrome e 
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4 14 
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3 83 


* For cytochrome c values in normal rats, not injected with cytochrome re er 


to Crandall and Drabkiu (4) 

t For symbol see foot-notes to Table I, preceding paper (2) 


mcrease m the water content of the regenerating livers of the rats at high 

altitude (Column 8, Table I) „n«,fnrv 

The analytical lesults furnished in Table III mdicate that r 

mcreases m the concentration of cytochrome c m tissues may occur ° ° ” 

the injection of the pigment In these experiments such mere 
cytochrome c concentration above our previously established nor 
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(2, 4) -were obtained only in the case of kidney cortex (Column 5) In 
this tissue theie was a veiy marked rise m cytochiome c concentration 
durmg the first 2 hours after the mjection At 4 horns the concentration 
was still elevated, but 24 hours followung injection it was essentially 

Table IV 

Effect of Injection* of Cytochrome c on Liver Regeneration and New Cytochrome c in 
Liver After Excision of 68 4 Per Cent of Liver 


The restoration (postoperative) period was 6 days on the high protein diet (2) 
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* 15 mg of cytochrome c were injected intraperitonealh per rat per day, during 
a preoperative period of 9 days and a postoperative period of 5 daj s (see “Methods”) 
Of the total of 210 mg injected, 29 mg or approximately 14 per cent of the c> tochrome 
c were eliminated in the urine 

t For symbols and calculations see foot-notes to Table I, preceding paper (2) 
t Rats 29 to 56, this table 
§ Rats 51 to 54, Table II, preceding paper (2) 

normal for kidney cortex (4) It appears reasonable to interpret these 
changes m cytochiome c concentration as bemg due to the presence of the 
pigment, foUowmg mtraperitoneal injection, m progressively decreasmg 
amounts m the extracellular fluids and plasma, rather than as evidence of 
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the temporaiy mcoiporation of the injected pigment m the tissue (14) 
Some of the mjected cytochiome c is excreted by the kidneys (see below), 
in which extracellular fluid (and uime) may be moie effectively “tempoiar- 
ily tiapped” than m livei or skeletal muscle, thereby accounting for the 
analytical results 

In Table IV data are given foi livei legeneiation and cytochrome c 
m the liver of lats on the high piotein diet (2), which W'ere mjected daily 
with cytochiome c duimg a period of 10 days preoperatively and 6 days 
postoperatively To avoid the transitory changes which could occur 
eaily after cytochrome c admmistiation (Table III), discussed above, the 
mjection was omitted m the 24 houi periods before livei lobectomy and 
before termination of the expeiiment (see “IMethods”) Of the total 
of 210 mg of cytochiome c injected intiapeiitoneaUy, 29 mg or approx- 
imately 14 per cent w ere elimmated m the uime, m wdiich the pigment was 
deteimmed aftei reduction of means of direct spectrophotometry '' Proger 
and his colleagues (14) claimed that, under then conditions, foUowmg 
mtiavenous administration of tlie'pigment, cytochiome c was not found m 
urme 

In these expeiiments the evidence foi the “deposit” of the mjected 
cytochiome c in livei is equivocal The concentration of cytochrome c 
m the liver lemoved at operation (Column 7, Table IV) was statistically 
significantly gi eater than that m the non-mjected contiols On the other 
hand, the mcoiporation m liver of the mjected cytochrome c could not be 
deduced from the values of either the concentration of the pigment or total 
pigment m the legeneiatmg tissue (Column 10) However, attention is 
dnected to an unexpected finding m these expeiiments, an approximately 
25 per cent greater legeneiation of liver tissue m the cytochrome c-m- 
jected animals (Column 9) 


DISCUSSION 


The mterestmg outcome of the piesent experiments on the deprivation 
of mspired oxygen was the findmg that oui conditions permitted a c ear 
separation of tw o variables in anoxia, oxygen supply and oxygen utilization 
The conclusion may, therefoie, be diawn that the 'primary response 
lack of mspired oxygen is the accommodation ot the oxygen ^ 

system The mciease m hemoglobm presumablj'^ allowed su ci 
oxygen to be earned to the tissues, so that no secondary response o 


1 Unpublished experiments in this laboratory show that, when 
of cytochrome c are injected intravenously into dogs, fully 50 per cen o 
is recoverable in the urine within the 1st hour after its admimstra lo , ^ 

..th henim^lohin the urinarv “threshold” for cytochrome c is loiv 


AO A 

comparison with hemoglobin the urinary 
the urinary “clearance” relatively high 
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ox>’'gen utilization mechanism, the cytochiome system, was observed, or, 
indeed, lequired 

The obseiyation of mcieased liver legeneration m rats injected with 
cytochrome c may be significant and impoitant If this effect is leal, it 
could not be lelated to an mcorporation of the mjected pigment m the re- 
generatmg tissue, although the high concentration of cytochiome c found 
preoperatively may have a beaimg on the mcieased legeneration It 
must also be pomted out that this effect of cytochiome c injection may be 
non-specific, and fuithei evpeiiments are requiied for a full evaluation of 
these experimental lesults 


SUAEUARl 

The effects of anoxia and of cytochrome c mjection upon liver regener- 
ation and cytochrome c m livei u ere mvestigated 
Oxygen depiivation b}'’ means of simulated, moderate high altitude uas 
M ithout effect on livei regeneration or on cytochi ome c metabolism, follow- 
ing paitial hepatectomy m lats However, undei these anoxic conditions 
theie ivas a marked inciease m the concentiations of hemoglobin and 
erythrocytes These findings appeal to mdicate that the piimary response 
to lack of mspired oxygen is the accommodation of the tiansport system 
The mcoiporation of mjected cytochiome c was not demonstiated un- 
equivocally m the regeneiatmg liver, m which a maximal opportunity for 
such a piocess wmuld appeal to be affoided 
An appreciable fi action of mjected cytochiome c was excieted by the 
kidneys 

In prelimmaiy expeiiments mcreased liver regeneration was found in 
rats mjected with cytochrome c Fuithei expeiiments aie required to 
evaluate this obseivation fully 
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THE SYNTHESIS OF GLYCOGEN BY RAT HEART SLICES 

By WILLmi C STADIE, NIELS HAUGAAED,* and MAETIN 
PEELMUTTEEt 

(From the John Herr Musser Department of Research Medicine, University of 
Pennsylvania, Philadelphia) 

(Eeceived for publication, July 15, 1947) 

In pielunmaiy studies on the effect of msulin and othei hormones upon 
the synthesis of glycogen fiom glucose by rat heart slices we used the 
customary phosphate-saline media with disappomtmg results In a 
seaich of the Iiteiatuie we found no systematic studies of the factois which 
mfluence this synthesis in vitio Accoidmgly, w’e began expeinnents on 
this problem ivhich are here leported 
Methods — White lats weie eithei fed ad libitum oi fasted foi 24 hours 
The rats were decapitated, and the heait removed and placed m a beaker 
contammg medium to be used m the expeiiment Slices 0 5 mm thick were 
made with a Stadie-Riggs (1) tissue sheer, blotted on filter papei, weighed 
on a torsion balance, and placed m conical Warburg vessels together with 
3 ml of the appiopiiate medium The vessels, contammg an alkali mset 
for CO 2 absoiption, were then gassed foi 3 mmutes with 100 per cent O 2 
and placed m a watei bath at 38° and shaken After 2 hours, the vessels 
were lemoved, and the media and heart slices were transferred to centrifuge 
tubes and made up to 40 pei cent KOH with solid pellets Glycogen was 
determmed by conventional methods and expiessed as micromoles of 
glucose per wet gm of tissue As a rule, the initial glycogen was deter- 
mmed on slices fiom the same heart and the change of glycogen observed 
was expressed as A glycogen Oxygen uptake was calculated from the 
manometric readings and expressed as micromoles per gm The msulm 
used was an amoiphous preparation (Lilly) wdiich assayed 22 units per mg 
Diabetic Rats — Rats weie made diabetic by fastmg for 48 hours and then 
mjectmg subcutaneously 200 mg of alloxan per kilo 

Medium for Optimum Synthesis of Glycogen by Rat Heart Slices 

It IS our opmion that imitations of “physiological” media for metabolic 
studies of tissues in mtro are somewhat futile The conditions for meta- 
bolism of tissues in vilio, particulaily with cut tissues such as homogenates 
01 slices, are so difieient from those in viio that it is impossible to predict in 
advance w^hat medium is most suitable for the studi-- of a particular re- 

* Fellow of the American Chemical Societj 
t Fellow of the Daziau Foundation for Medical ResearLli 
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action This is illustiated by the contrasting expeiience of Hastings 
(2) and Stadie and Zapp (3) The former found that an all-potassium 
medium was best suited foi glycogen formation from glucose by rat In er 
shces, whereas the latter lepoi ted that glycogen synthesis by rat diaphragms 
was far superior m all-sodium medium 

We therefore sought to find a medium most suited to glj cogen sjmthesis 
by rat heart slices The components of the medium should not stimulate 
glycogenolj^is, inteifere with' the deteimmation of glycogen, or be gly- 
cogemc 

Effect of Vaujmg Character of Ions — Pre hmin ai}’- e\periments mth sk 
lats shoued that glj'cogen synthesis by heart slices m a medium containmg 
1 per cent glucose and sodium salts (total osmolaritj* = 0 3) was quite 

T\.ble I 

Comparative Effect of Sodium and Potassium Ions upon Glycogen Synthesis by Paired 

Rat Heart Slices 


Medium, phosph ite (sodium or potassium) (pH G S) 0 040 m, MgCl 0 005 m, glu 
cose 0 011 M, ililorido (sodium or pot issium) to 0 300 osmolar Time, 2 hours, 
t = 3S“ 


No of hearts 

Balance of 0 oOO osmolar 

Oi}£ea uptake, 

Final glj cosea (as 
glacose) mean 

Xa" 



1 

per edit 

per cent 

micromoUs per gm 

mieromotespd sn 

6 

100 

0 

14S 

3 1 


0 

100 

146 

1 3 

3 

100 

0 

146 

9 3 


50 

50 

146 

1 6 

2 

100 

0 

13S 

11 6 


95 

5 

160 

9 S 

1 


small and somewhat dependent on the initial concentiation of glj cogen 
"When this was high, glycogenolysis rathei than glycogen formation is 
found Compai ison of the effects of sodium and potassium (Tab e 
showed that whereas the oxygen uptalce was unaftected the final gh'cogen 
values ivere consistentlj^ lower m the piesence of potassium, mdicatiUo 
possibly an mcieased glycogenolysis rather than symthesis m the presence 
this ion In this respect heait slices appeal to lesemble rat diaphragi^ 
Effect of Chlondc and Phosphate Ions — The relative effects of phosp 
and chloride ions (sodium) upon glycogen formation are given m n 
II Although high phosphate mcreased oxygen uptake, glycogeno 3 s^ 
rather than glycogenesis occurred The synthesis with sodium c on 
alone w^as very slight .j 

Glycogen Synthesis in Media Containing No oi Low Ions ^in 
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e\periments glycogen synthesis from glucose (0 1 to 0 3 pei cent) in a 
medium contammg sodium salts exclusively was disappomtmgly small 
It was conceivable that the presence of ions of any type is unfavoiable to 
glycogen synthesis This was first tested by comparing glycogen S 3 Tithesis 
m an all-glucose medium (5 4 per cent = 03 osmolai) ivith one contammg 
1 per cent glucose -f sodium salts (Table III) There was found a marked 
glycogenesis (about 34 miciomoles per gm =06 pei cent) upon sub- 
stitution of ions by glucose The effect might have been due to the 
elimmation of the ions or the mcrease m glucose concentiation In 

Table II 

Comparative Effect of Chloride and Phosphate Ion upon Glycogen Synthesis by Paired 

Heart Slices from Rats 


Medium, sodium as either chloride 0 123 m or phosphate (pH 6 8) 0 098 m, glucose 
0 055 M Time, 2 hours, t = 38° Samples from three rats 


Anion of medium 

OT>gen uptake, 

Glycogen (as glucose), mean 


Initial 

Final 

Chloride 

micromoles per gm 

144 

mxcronwles per gm 

6 1 

micromoles per gm 

7 1 

Phosphate 

166 

61 

0 6 


Table III 

Comparative Glycogen Synthesis by Rat Heart Slices in Phosphate Saline and Isotonic 

Glucose Media 


Medium I, sodium phosphate (pH 6 5) 0 010 m, MgCl- 0 005 m, NaCl 0 065 m, 
glucose 0 055 m. Medium II, glucose 0 300 m Time, 2 hours, t - 38° Samples from 
t\\ o rats 


Medium No 1 

Oxygen uptake, mean 

Final glycogen (as glucose), mean 


micromoles Per gm 

micromoles per gm 

I 

142 

10 6 

II 

140 

34 4 


hypotonic glucose solution (0 055 n) no synthesis u as found In addition 
the oxygen uptake was low and there was marked gl 3 '^cogenolysis (mean, 
15 micromoles per gm pei hour) 

Smce the tissues appeared water-logged, it i\ as obvious that isosmolarity 
had to be retamed Search uas made for a non-ionic substance vhich 
could mamtam isosmolaritj'" and at the same time be metabolicallj'’ m- 
active Sucrose uas elimmated because it ivas carried oier uith the 
glycogen and gave erroneously high values A series of substances (Table 
rV) was tried at 0 245 ji together with 1 per cent glucose (0 055 m) Of 
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these substances, L-aiabinose, D-sorbitoI, and D-mannitol gave satisfactory 
S}Ti thesis of glycogen 

In lepeated contiol expeiiraents none of these substances mterfered 
vith the lecovciy'’ of L.no^\n amounts of glycogen added to aqueous media 
A\ith 01 iiitliout tissue 

Mannitol, Aiabinose, or Soihitol yis Glycogen Precursors — In viev of 
1 epoi ts in the litei atui e that the intact animal can synthesize glycogen from 
soibitol, inesumablj' in the livei, the possibilitj’’ that this occurs vith heart 
shces in vitro \\ as tested In all experiments a\ ith mannitol or arabmose 
at 0 3 'll, glucose being absent, there iv as glycogenolysis rather than glyco 
genesis Fifteen lat heaits were similarly tested w'lth 0 3 Ji sorbitol 
Depending upon the mitml glycogen content, there was glycogenolysis 


Tcble IV 

Glycogen Synthesis by Hal Heart Slices from Glucose (0 055 it) Medium Made Isosmoitc 
(0 SOO Osmolar) by Various Organic Compounds 
Time, 2 houra, I = 38“ 


nalaDCC to 0 300 osmolar by 

Oxygen uptalc, 
mean* 

Initial slycogen 
(aa glucose!, 
mean* 

igKcogen 
(as glucose), 
mean* 


mtcromolcs per 
gm 

inxcromcles per 
gm 

mxcf moles per 

gm 

Sodium chloride sodium phosphate 

144 

22 0 

-5 4 

Urea 

84 

22 0 

-17 5 

Creatine 

78 

10 8 

-7 6 

Creatinine 

100 

10 8 

-8 6 

Glycerol 

100 

8 0 

+4 7 

L- Vrabinose 

138 

8 9 

+13 5 

Soibitol 

132 

8 1 

+11 4 

Mannitol 

118 

8 1 

+12 7 


* Mean of paired slices 


ranging fiom 2 to 23 miciomoles (as glucose) per gm por 2 hours n 
no case w as glycogen formation observed 

Compai alive Effect of Sodium Chloride and Sorbitol on Glycogen Synt esis 
— In pieliminaiy expenments the inhibitmg action of sodium chloride on 
glycogen synthesis by lat heart slices w^as showm by comparison of a 0 
M glucose solution togethei wuth eithei 0 245 osmolar sodium cblori e or 
sorbitol In the fonnei case there was glycogenolysis rather than 
synthesis, mdicating that the sodium chloride either inhibited g ycog 
synthesis oi stimulated gl 3 mogenolysis This was further lUustra e 
determming glycogen synthesis m a senes of paired slices 
heart by laiying the osmolai proportions of NaCl and sor i o 
p we of 0 055 M glucose (Table V) The data show that even at tina 
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high concentiation of glucose (1 per cent) glycogen synthesis decreased 
Mith increasing piopoitions of NaCl, despite increasing oxygen uptakes 
Ejfect of Magnesium upon Glycogen Synthesis — In enzyme extract 
systems, magnesium has been shoun to be a cofactoi m the foimation of 
glycogen fiom glucose It was impoitant to determme whether it af- 
fected synthesis in heait slices Paned slices fiom six rat hearts were 

Table V 

Effect of Varyino Concentration of Sodium Chloride upon Oxygen Uptake and Glycogen 

Synthesis by Rat Heart Sliees 


Medium, glucose 0 055 ii, NaCl as in table, sorbitol to 0 300 osmolar Time, 2 
hours, t = 38° 


Is 0 of rats 

NaCl per cent 
of total osmolanty 

Ovygen uptake mean 

A glycogen (as glucose) 
mean 

2 

0 

mtcromotes per im 

116 

micromoles per gm 

+12 4 

' 2 

20 

124 

+10 8 

2 

40 

128 

+7 3 

1 

60 

144 

+0 8 

2 

84 

158 

+1 2 


Table VI 

Effect of Magnesium upon Glycogen Synthesis by Paired Heart Slices from Six Rats 
Time, 2 hours, t = 38° 


Uedium 

O^gen uptake 
per 2 brs , mean 

A gl> cogen (as 
glucose) mean 

Effect of ions, mean 


micromoles per 

micromoles per 

micromoles per 


gm 

gm 

gm 

Glucose 0 300 m 

117 

9 7 

5 5 i 1 3* 

MgCl. 0 005 M 1 




KCl 0 005 M [ 

116 

15 2 


Glucose to 0 300 osmolarj 





* Throughout the paper the standard error of the mean (s e m ) is calculated by 
the equation, VsdV(n(n - 1)). «heren = the number of observations and d = 


the difference of observation from the mean 

equilibrated m 03 m glucose alone or t\ith 0 005 ai MgCb (and 0 005 
ii KCl) The data (Table VI) shotv that magnesium has a statistically 
significant effect m mcieasmg glycogen synthesis Separate experiments 
showed that the smaU amount of KCl (0 005 ai) present m this medium was 
without mfluence on the synthesis 

Effect of pH of Medium on Glycogen Synthesis — ^This A\as tested by usmg 
a medium contammg sodium phosphate 0 010 m, ^IgClj 0 002 ii, glucose 
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0 017 Ai, and sorbitol 0 252 sr The glycogen synthesis at pH 6 5, 6 8, and 
7 2 showed no significant \ anation 
In summary, our experience show ed that, of the media tested, one W'hich 
contained a mmimum amount of ions w as best fitted for the study of 
glycogen synthesis by lat heart slices tn vitro Isosmolarity could be 
obtained by the addition of a metabolically inert organic compound, the one 
selected bemg sorbitol We thought it advisable to add a low concentra- 
tion of phosphate for buffering purposes Our standard medium contained 
sodium phosphate 0 010 ai (pH 6 8 to 7 2), iMgCJs 0 002 Ji, glucose (as 
desiied), soibitol to 0 300 osmolar Although we had demonstrated that 
0 005 At AlgCb significantly mci eased glycogen synthesis, we were unable 
to use such a high concentration m the presence of phosphate Even at 
0 002 At jMgCla, precipitation of magnesium phosphate occurs slowb' and 
the final concentration of IMg^ is mdetermmateb’' lower than 0 002 ai 
This IS leflected m the fact that the enhancement of glycogen synthesis by 
magnesium is lost Aihen 0 002 At hIgCb + 0 010 m phosphate is used 
ComparatiA e experiments w ith paired heart slices from mne rats show ed a 
mean glycogen synthesis of 13 2 micromoles (as glucose) per gm per 2 
hours wuth this magnesium-sodium phosphate mixture and 16 4 micro- 
moles Avithout magnesium, a difference A\hich was not statistically signifi- 
cant 


Bjfect of Glucose Concentration upon Glycogen Synthesis — ^This Avas 
studied with heart slices from both fed and fasted rats, smce they differ 
markedly in their ability to synthesize glycogen in viti o In the series of 
fed rats (Fig 1) there is a definite logarithmic relation between glycogen 
synthesis and glucose concentration as mdicated by the approximate 
rectilmeaxity of glycogen synthesis as a function of glucose concentration 
expressed logarithmically This is to be expected, smce the degree of 
saturation of enzymes is usually a logarithmic function of the concentra- 
tion of the substrate Synthesis w as defimte at 0 025 per cent glucose and 
half the maximum rate was obtamed at 0 1 per cent To double the rate 


an mcrease of approximately 25-fold m glucose concentration is necessary 
In the series of heart slices from fasted rats the results w'ere quite dif- 
ferent (Table VII) As a\ as expected from the experience reported m the 
liteiature, the mitial glycogen values for heart were high (mean about 
25 micromoles (as glucose) per gm ) m contrast to those m the fed series 
(mean 8 4 micromoles (as glucose) per gm ) In the presence 
mitially high glycogen, no fuither glycogen synthesis Avas obtamed m 
vitro at any concentration of glucose used (0 011 to 0 27 si) except, per 
haps, with 0 3 SI glucose Avith no added phosphate or magnesium ^ 
the contraiy, there seemed to be a tendency to glycogenolysis ® 
marked effect of ions is shoA\n agam by the Aurtual disappearance o 
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Fig 1 The synthesis of glycogen by rat heart slices m media containing glucose 
at varying concentrations ith sorbitol to 0 3 osmolar The concentrations of glu 
cose are logarithmically plotted 


Table VII 

Effect of Glucose Concentration upon Glycogen Synthesis by Heart Slices from Fasted 

{34 Hours) Rats 


IMedium, MgCl 0 002 ii, sodium phosphate (pH 6 S) 0 010 ii, glucose as tabulated, 
sorbitol to 0 300 osmolar Time, 2 hours, t = 38° 


No of rats 

Glucose 

JlgCl: + Na 
phosphate 

Ox>gcD Uptake 
mean 

Initial g]> cogen 
(as glucose), 
mean 

A gl> cogen (as glucose), 
mean 




muromoUs per 
sm 

micromoles per 
sm 

mtcronoks per cm 

14 


0 

132 

22 6 

+6 9 ± 2 0* 

3 


+ 

108 

27 2 

-0 5 ± 2 8 

6 


+ 

112 

24 8 

-65=10 

3 

0 006 

+ 

110 

22 3 

-69=28 


s E M 
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glycogen, synthesis even at high glucose concentration upon the addition of 
a compaiatively small amount of salts Such maiked effects of ions were 
not observed with heaits fiom fed animals Foi in this case low salt 
dimmishes but does not eliminate synthesis The experiments fuither 
illustiate the stiikmg difteience in the metabolic activity in viiro of cardiac 
and othei tjpes of muscle For example, the diaphiagms fiom rats fed 
gluco'^e by gavage 4 houis antecedent to the experiment, which contam 
high initial glycogen, readily synthesize laige amounts of extra glycogen 
in vilro (Stadie and Zapp (3)) In the case of heait from fasted rats, 
Idvewise contaming high initial glycogen, extra synthesis appears not to 


Table VIII 

Ejjecl of Sodium Laclalc ujion Glycogen Synthesis of Rat Heart Slices 
Medium, MgCl. 0 002 m, sodium phosphate (pH 6 8) 0 010 si, sodium lactate as 
tabulated, sorbitol to 0 300 osmolar Time, 2 hours, i = 3S° 


Rat 1x0 

Lactate concentration 

Oi>gea uptake 

Initial gl>cogen con 
tent (as glucose) 

A glycogen (as 
glucose) 


Zf 

muromolts per cm 

mtcrotTwIes per tm 

ntcmmoles per gm 

1 

0 135 

200 

13 4 

-12 8 

2 

0 050 

176 

6 7 

-1 1 

3 

0 020 

142 

17 4 

-5 6 

4 

0 020 

140 

13 5 

-4 7 

5 

0 020 

128 

6 3 

-0 1 

6 

0 020 

166 

4 6 

+2 9 

7 

0 020 

156 

1 1 

+2 9 

8 

0 020 

136 

2 7 

+4 3 

9 

0 020 

148 

9 4 

+1 5 

10 

0 020 

160 

9 4 

+2 1 


The values given are the mean of t\\ o samples 


occul except m the complete absence of salts and then only with high glU" 
cose concentrations in the medium 

Effect of Suhstiates Othei Than Glucose on Glycogen Synthesis—^ 
high concentrations of sodium lactate (0 135 and 0 05 ar) glycogenolysis 
occurred m vitro (Table VIII) Whether or not this is due to the glyco 
genolytic effect of high sodium (fiom sodium lactate) cannot be sai 
At low concentrations, when the initial glycogen is low, slight but signi 
Scant glycogen synthesis occurs 

In twelve expeiiments wuth pyiuvate (0 015 to 0 15 ai) in sorbito ( 

0 3 osmolar) glycogenolysis occurred up to 60 to 100 per cent of the ini i 
glycogen 

No glycogen synthesis w as demonstrated m the presence of nn-a a 
or j3-hydroxybutyiate As a rule marked glycogenolj’-sis occurre 
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Effect of Insulin on Rat Heart Shoes — ^This was tested under a variety of 
conditions in three ways, viz , (1) the effect on glycogen synthesis, (2) 
the effect on glycogenolysis m absence of glucose m normal rats, and (3) 
in lats made diabetic by alloxan 

Effect of Insulin on Ghjcogenesis — Unlike diaphragm fiom fasted oi fed 
rats, in vliich insulin legulaily pioduces ^n vitio a maiked mcrease in 
glycogen S 3 mthesis from glucose, the effects vith lat heart slices vere 
quite vaiiable (Table IX) Heait slices fiom fed lats vith mitially low 
gb-^cogen in 0 3 It glucose showed a veiy high glycogen synthesis un- 
affected bj’’ msulin With 0 055 ar glucose m soibitol the mean gtycogen 
synthesis was 12 0 micromoles (as glucose) per gm and the effect of 

Ta.blb IX 

Effect of Insulin upon Gbjeogen Synthesis of Rat Heart Slices in Presence of Varying 

Concentration of Glucose 


Medium, glucose as tabulated, other components to 0 300 osmolar, amorphous in- 
sulin, 1 unit per ml (where indicated) Time, 2 hours, t = 38° 


No of rats 

Glucose 

Other components ' 
of medium | 

Nutrition of rats 

Initial gly 
cogen (as 
glucose) 
mean 

Agl> cogen 
TV ithout m 
sulm (as 
glucose) 
mean 

Insulm effect on 
synthesis (as 
glucose) mean 





mictomoUs 
per gm 

micromoles 
per gm 

micromoles per gm 

9 

0 30 

0 

Fed 

10 5 

-f 23 2 

-fO 5 ± 1 6* 

13 

0 30 

0 

Fasted 24 hrs 

22 2 

-1-6 9 

“I"! 3 i 1 7 

6 

0 055 

NaCl + Na 

Fed 

6 1 

-f 1 9 

-f 0 3 ± 1 4 


1 

phosphate 




-f-3 0 ± 1 1 

14 

0 055 

Sorbitol 

it 

S 1 

4-12 0 

7 

0 006 


t( 

7 3 

-flO 1 

-fl 6 ± 1 2 

6 

0 0014 

ii 

a 

11 2 

-1-1 7 

-f 0 3 ± 0 S 

6 

0 0006 

(( 

it 

9 9 

-fl S 

-f 1 5 ± 1 0 


* S E SI 


msulm (-1-3 0 ± 1 1 = 25 0 ± 8 3 per cent) w as statistically significant 
(4 = 2 7) When the glucose in the medium svas low, the gl> cogen s^m- 
thesis was also low and msulin had no effect In fasted rats w ith mitiallj’’ 
bigti glycogen, the glycogen synthesis w as also low and msulm had no 
significant effect 

Glycogenolysis in Heart Slices from Normal Fasted and Alloxani.ed 
Fed Diabetic Rats— The possibility that msulm might influence gljcogen- 
olysis was tested (Table X) with heait slices from noimal fasted rats and 
from rats made diabetic by prior mjection of aUoxan The medium 
contamed no glucose In the normal series the mitial cardiac glj cogen 
was high, as is usually the case Marked glj cogenol.i sis occurred, which 
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\\ as not affected by insulin The fed diabetic rats, in contrast to normal 
fed rats, had a very high initial glycogen Glycogenolysis was also high 
and insulin had no effect upon it 

Glycogen Synthesis tn Liver — The difficulty in generalizing about suit- 
able media foi use in studies in vitro is illustrated by our experience with 
liver slices Unlike muscle, which imder suitable conditions in vitro 
will synthesize glycogen at a rate comparable to that achieved m mvo, 
liver slices have not been shoivn to form glycogen at rates approaching 
those observed m the mtact animal Our experience with low salt media 
raised the hope that glycogen synthesis by hver slices could be greatly 
enhanced But when the ionic concentration was mmmuzed by the use 
of isotonic glucose, or glucose -f- sorbitol, the successful experience with 
heart slices was not duplicated Experiments with liver slices from ten 
rats m various nutritional states were carried out The medium con- 

T\ble X 

Effect oj Insulin upon Glycogenolysis of Bat Heart Slices tn Medium Containing 

No Substrate 

Medium, sodium phosphate 0 010 m, MgClj 0 002 m, sorbitol to 0 300 osmolar, 
amorphous insulin 0 1 unit per ml (where indicated) Time, 2 hours, t = 38 


No of rats 

Condition of rats 

Initial gb cogen (as 
glucose), mean 

1 

A gl> cogen (as 
glucose) mean 

1 

Insulin effect (as 
glucose) mean 



mteramofes per gm 

micTomoUs per sm 

microttioles per gm 

14 

Fasted, normal I 

24 3 

-13 0 


6 

Fed, diabetic* 

34 1 

-IS 2 

+1 0 ± 1 2 


* Made diabetic by injection with allo\au 
t s E M 


tamed 0 010 m sodium phosphate (pH 6 8), 0 002 m hlgCb, 0 001 ai CaCh, 
togethei wuth glucose (0 to 0 27 m) and sorbitol up to 0 3 osmolai The 
initial glycogen langed fiom 0 2 to 42 mg per gm The range of oxygen 
uptake w'as 94 to 160 micromoles pei gm , wet weight, pei 2 hours In 
no case tvas there significant glycogen synthesis On the contrary glyco- 
genolysis occuried as a rule With livei slices from two alloxanized rats, 
msulm had no effect eithei m piomotmg glycogen synthesis or inhibiting 
glycogenolysis 

We wish to express our grateful appreciation to Mrs William McKeima 
and Mrs William Tuddenham for technical assistance m the performance 
of these experiments 
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SUiVEMAHT 

1 The synthesis of gl> cogen fiom glucose by rat heart slices in vitro 
\ias studied under a vaiiety of conditions 

2 In a sodium salt medium synthesis is lelatively small With po- 
tassium as the cation it is still smallei or does not occur at all 

3 jSIedia containing no or low concentiations of ions are more favor- 
able foi glycogen synthesis Isosmolaiitj'’ (to 0 3 osmolar) in such media 
can be obtained by the use of glucose, oi soi bitol -b glucose, sorbitol itself 
bemg non-glycogenic 

4 Magnesium has a statistically significant effect in enhancmg gl 3 "cogen 
S 3 Tithesis b^"" rat heart slices Betw een 6 5 and 7 2 pH is w ithout m- 
fluence 

5 The S 3 mthesis of glycogen by heart slices is logarithmically related to 
the glucose concentration The effect of insulm upon the reaction was 
also studied 

6 In contrast to heart slices, media with low ionic content do not 
appear to enhance glycogen synthesis by hver slices 
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THE EFFECT OF AUTOCLAVING LYSINE IN THE 
PRESENCE OF CARBOHYDRATE ON ITS 
UTILIZATION BY THE CHICK* 

Bt JOAN M STEVENS and JAMES McGINNIS 

(From the Division of Poultry Husbandry, Washington AgncuUural Experiment 
Station, Pullman, Washington) 

(Received for publication, August 14, 1947) 

The value of heat treatmeut m improviDg the mitntive value of soy bean 
oil meal has long been knovni More recently, however, the deletenous 
effect of autoclaving too long or at too high a temperature has been demon- 
strated (1-4) Evans and McGmms (3) attributed this decrease in nu- 
tritive value caused by overheatmg to the lowered availability of methio- 
nine Riesen et al (5) m work mth raw, heated, and overheated soy bean 
oil meal showed that tor the ammo acids studied the amount liberated by 
acid hydrolysis was unaffected by heat treatment, except for lysme, 
argmine, and tryptophan, and that the liberation of these three uas de- 
creased by prolonged heating Clandmmetal (6) supplemented a practical 
type of diet cnntammg overheated soy bean oil meal with vitamms, methio- 
mne, and lysme, and produced growth comparable to that of clucks receiving 
pr'- y cooked soy bean oil meal Thus, overheated soy bean oil meal is 
apparently deficient in available lysme as well as in methionine 

The lysme m proteins other than soy bean oil meal has been shomi to be 
affected by heat treatment Harris and Mattill (7) in nork with kidney 
and hver tissue found that hot alcohol extinction produced no loss of 
nitrogen from the proteins but caused a decrease in the ammo mtrogen 
To explam this, they suggested the combination of free ammo groups mth 
other reactive groups, formmg enzyme-resistant linkages They further 
suggested that if the free ammo groups m proteins are for the most part in 
lysme, slightly more than half of the e-aramo groups of lysine disappear dur- 
ing hot alcohol extraction, possibly due to linkage •ftith available carboxyl, 
miino, or hydroxyl groups Greaves el al (8), using rats, showed-that 
casern heated for 30 minutes at 140° was deficient m lysine Hon ever, 
Block el al (9) shovied that the same amount of lysme could be isolated, 
chemically, from raw casern or casein which had been heated for Go minutes 
at 150° Zittle and Eldred (10) confirmed the work of Block tl al (9), 
finding that the lysine was chemically present but not released by' enzymes 

• Published as ScientiBc Paper Ko 732, College of Xgnculture and \gricultuTal 
Experiment Stations, Institute of Agncultural Sciences, State College of Washington, 
Pullman, Washington 


431 


432 


LISIXB VND CARBOHYDRATES 


With microbiological techniques it has been demonstrated that a part of the 
lysine in heated soy bean oil meal was destroyed or unavailable to micro- 
organisms (6) ^ 

A reaction has been recently demonstrated between ammo acids and 
reducing sugais Patton and Pyke (11), working with potato chips, found 
that the presence of amino acids and reducmg sugars produced a browmng 
reaction upon heating Glycine and glucose produced such a reaction, but 
so did other combinations of amino acids and reducing sugars In no case 
did any sugar or amino acid produce brownmg when heated alone Perhaps 


Tabll I 

Conipoailion of Basal Diet 


Ingredients 



per cent 

Ground corn 

22 0 

“ wheat 

26 4 

“ barley 

10 0 

Dehjdrated alfalfa 

5 0 

B-Y feed (250 y riboflavin per gin ) 

0 5 

Ground ojster shell 

2 0 

Dicalcium phosphate 

1 5 

Salt 

0 5 

Soy bean oil meal 

31 8 

Liver paste 

0 2 

Choline chlonde 

0 1 

Vitamin D supplement* 


MnS04t 



* 100 A O A C units activated annual sterols w ere added to each 100 gm of 


diet 

t Added at a level of 4 ounces per ton of diet 

there is some similarity between this reaction and the reaction mvolvmg 
lysine in overheated soy bean oil meal or casein , 

This study v as undertaken to determine whether pure lysine aiitoc ave 
alone and in the presence of a carbohydrate could be utilized by the c ic 
as a supplement to overheated soy bean oil meal 

Methods 

The soy bean oil meal included in the diets fed in this 
received one of two treatments Some diets contained meal o a 
nutritive value which had been autoclaved § hour at 100° The ot ers co^^ 
tamed a meal of low nutritive value which had been autoclaved 4 ouis 

1 Evans, R J , and McGinnis, J , unpublished data (1947) 
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120° The color of the soy bean oil meal receivmg the prolonged heat 
treatment was dark brown There was only a shght change m the color of 
the meal that was autoclaved J hour at 100° A diet composed of natural 
mgredients was fed and its composition is given m Table I 
New Hampshire chicks, not sorted for se\, were used in this experiment 
From the time of hatching until 1 w'eek of age they were kept in a battery 
brooder and fed a complete chick startmg ration At the end of this time 
they were divided at random mto sixteen groups The chicks were then 
wing-banded, weighed, and maintained for the followmg 3 weeks on the 
experimental diets Individual weight records were made weekly 
The DL form of lysine" and methionme was added to the diets In the 
diets in which lysine was used as a supplement, it was added at a level of 
0 6 per cent, and when methionme was used it was added at a level of 0 3 
per cent These amounts, in addition to that contained in the basal diet, 
W'ere sufficient to meet chick requirements, as specified by Almquist and 
Grau (12) The lysine added to Diet 7 was w'eighed out into a beake?and 
autoclaved for 4 hours at 120° Durmg the heating it changed to a slightly 
brown color, shrank, and formed a soft cake in the bottom of the beaker 
This cake was ground with a mortar and pestle before bemg added to the 
diet The lysine added to Diet 8 was weighed and then mixed in an open 
tray with “cerelose”’ (1 part lysme to 10 parts cerelose) The muxture was 
autoclaved for 4 hours at 120° The lysine-cerelose mixture formed a 
black, spongy mass which was mixed with some of the basal diet and 
ground in a Wiley mill 


RESULTS AND DISCUSSION 

Table II gives the diets fed, number of chicks per group, and the average 
weights at 28 days There was no mortality throughout the experiment 
The growth results show that the chicks fed the diet contaimng soy bean 
oil meal autoclaved 30 minutes at 100° grew much better than those fed the 
diet contammg soy bean oil meal autoclaved 4 hours at 120° 

Methiomne alone had little supplementary value to the overheated soy 
bean oil meal but, when methionme and lysme were both added, the over- 
cooked meal produced growth nearly equal to that of chicks fed the soy 
bean oil meal autoclaved for 30 minutes at 100° IMethionme or both meth- 
ionine and lysme added to the basal diet contammg properly heated so^^ 
bean oil meal gave only a slight increase in grow th 
Autoclavmg pure lysme for 4 hours at 120° had no effect on its value as a 
supplement to overheated soy bean oil meal On the other hand, auto- 
clavmg lysme m the presence of cerelose either destroyed it or made it 

The lysme used was m the form of DL-ljsme monoh) drochlonde 
’ Manufactured by the Corn Products Refining Company, A.rgo, lUmois 
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unavailable These lesults indicate that the lysine leacts mth some group 
present in ceielose Such a reaction might be analogous to the broivnmg 
leaction of ammo acids and i educing sugars suggested by Patton and Pyke 
(11), as cerelose is composed mainly of glucose It is interesting to note 
the similar darkening in color of lysine heated with cerelose and the darken- 
ing of oveiheated soy bean oil meal In both cases the darkening may have 
been due to a reaction between the carbohydrate and ammo acids present 

Tvblb II 


Effect of Autoclaving Lysine in Presence of Carbohydrates onits Supplementary Value 
for Overheated Soy Bean Oil Meal 



Autocla\inff of sov 



1 


Diet No 

bean oil meal 

SuppIcmcDta to diet 

Initial 
No chicks 

Average weight at 





Time 

Tempera 

ture 


per lot 




— 

n 



£Pt 

£a 

1 

■■ 


None 

12 

238 






12 

222 

230* 

2 


100 

0 3% DL-niethionme 

12 

246 





12 

246 

246 

3 


100 

0 3% 

8 

229 

241 




0 6% DL-lysine 

8 

252 

4 

4 

120 

None 

12 

155 






12 

156 

156 

5 

4 

120 

0 3% DL-niethionine 

12 

164 

169 




12 

173 

6 

4 

120 

0 3% 

8 

222 

223 




0 6% DL-lysine 

8 

223 

7 

4 

120 

0 3% DL metbwinne 

0 6% treated dl lysinef 

8 

8 

215 

234 

225 

8 

4 

120 

0 3% i>t-Dietbjonine 

8 

156 

148 




0 6% treated DL-ljsiuef 

S 

140 


* Average of duplicates 

t Lysine w as separately autoclaved for 4 hours at 130° 

t Lysine was separately autoclaved as a 1 10 mi\ture with cerelose, 4 hours a 
120 ° 

It seems probable that the unavailability of lysine in heated casein is due to 
some other reaction than one with carbohydrate, since casein contams very 
little carbohydrate However, it may be possible that some group 
to both casein and carbohydrate reacts with the lysine Assuming ^ 
theie are tw'O types of reactions, it is possible that they both occur m ove 
heated soy bean oil meal Even if it is assumed that lysine becomes u^^ 
available on heat treatment due to the formation of an enzyme-resis a 
linkage with some other substance present, its failure to support the gro 
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of miciooiganisms aftei acid hydrolysis is difficult to explain Evans and 
AIcGinnis^ after autoclaving soy bean oil meal 1 houi at 130° found that 
only 70 pei cent of the lysine was available on acid hydiolysis for growth of 
Streptococcus faecahs R Riesen et al (5) found 48 per cent of the lysine 
available to Leuconostoc mesentei oides P-60 after acid hydrolysis of soy bean 
oil meal that had been autoclaved foi 4 horns at 15 pounds pressure 
Therefore, it seems that the availability of lysine foi bacterial growth is 
related to the temperature and time of heating There seems no obvious 
explanation of this, since lysine is apparently stable to the temperature 
used in both the above cases 


SUMMARY 

1 Lysine, autoclaved alone for 4 hours at 120°, supplemented over- 
heated soy bean oil meal foi chick growth as effectively as unheated lysine 

2 Lysine autoclaved with cerelose for 4 hours at 120° was either de- 
stroyed or rendered unavailable foi chick growth 

3 Supplementaiy methionine and lysine did not improve the growth of 
chicks fed a diet contaimng soy bean oil meal which has been autoclaved at 
100° for 30 minutes 

4 The decreased nutritive value of ova heated soy bean oil meal was 
almost fully corrected by supplementary methionine and lysine 

5 Methiomne alone had little supplementary value to overheated soy 
bean oil meal 

The lysine used in this experiment was kindly provided by Dr J Waddell 
of the E I du Pont de Nemours and Company, New Brunswick, New 
Jersey 
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LETTERS TO THE EDITORS 


THE REGRESSION OF LYjVIPHOSARCOMA IMPLANTS 
IN PYRIEOXINE-DEFICIENT 3VnCE* 


Sirs 

In a continuation of studies concerning the relation of vitamin Be to 
lymphoid tissue, ^ the admimstration of a pyndo\ine antagomst (deso\y- 
pyndoxme)2 -^yas found to produce marked regression on lymphosarcoma 
unplants in mice Also tumor implants failed to develop in animals de- 
prived of pyridoxine previous to the inoculation 

Ex-peninsnl I — ^Hybrid mice (mothers of C strain, males C3H) were 
rendered vitamin Be-deficient by feeding a purified diet without added 
vitamin Be and by administration of desoxypyridoxme^ (300 r per cc ) in 
the drinkmg water (Group 2) Controls (Group 1) were mamtamed on 
the above diet supplemented with pyndoxine hydrochloride (1 mg per 100 
gm of diet) , and ordinary water Both groups were inoculated subcutane- 
ously with a mouse lymphosarcoma, 6C3H-ED, after having been on the 
experunental diet for 3 weeks 4 weeks after inoculation measurements 
were taken of three transverse diameters from palpable tumors 

Experiment 11— The anunals were inoculated with lymphosarcoma while 
on a complete diet After the implants had grown out, the tumors were 
measured and the anunals (Groups 3 to 6) then placed on the vitamin Bs- 
deficient diet and given desoxypyridoxine in the dnnking water A group 
of controls (Group 7) was given pyndoxme hydrochloride with the diet (20 
mg per 100 gm ) but was otherwise on the same regimen In some groups 
the daily water intake was measured The average consumption of desoxy- 
pyiidoxine was approximately 900 y per mouse per day Aftei 5 days 
on the regimen the tumors were again measured 

The tabulated results show that in most cases implants failed to “take” 
in animals deprived of pyndoxme Established tumor transplants v-ere 

* Aided by a grant of the United States Public Health Service 

> Stoerk H C , and Zucker, T F , Proc Soc Exp Biol and Med , 56, 151 (1944) 
Stoerk, H C , Proc Soc Exp Biol and Med , 62, 90 (1946) Stoerk, H C , Eisen, 
H N , and John, H M , J Exp Med , 86, 365 (1947) 

= Ott, W H , Proc Soc Exp Biol and Med , 61, 125 (1946) 

® Generously supplied by Merck and ConipanN , Inc , „ , 

* Donor mouse obtained through the courtesj of Dr W U Gardner 
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Group No 

Maximal diameter j 

No of mice 
without palpa 
bic tumor 

No of mice 
with tumors 
less than 1 cm 
across 

Total No of 

Average 

Range 

mice 


cm 

cm 

■■I 



1 Control 

2 5 

0-6 0 


2 

14 

2 Deficient 


0-<l 

■1 

2 

12 


Group No 

Before treatment 

After S da>-3 treatment 

No of 
mice 

Body 

weight 

Maximal diameter 

Body 

weight 

1 Maximal diameter 

A\ erage 

Range 

Average 

Range 


gm 

cm 

cm 


cm 



3 Deficient 

29 

4 5 

2 -6 




5 

4 

2S 

3 S 

3-5 3 




5 

5 

26 

2 S 

1 6-4 

20 




6 

U 

4 3 

3-5 5 

25 

3 1 


B 

7 Control 

30 

3 7 

2 3-5 

33 

wm 


■ 


brought to regression by the admimstiation of a pjTidovine antagonist 
when the animals ^\ere maintained on a lo\^ vitamin Bs intake The anti- 
vitamm failed to e\ert tins effect ■when pyrido\me hydrochloride, 20 mg per 
100 gm of diet, was added to the diet 
Obviously, contmued pyridovine deficiency, although actmg more slonly, 
may ultimately be as fatal as lymphosarcoma Attempts are therefore being 
made to find conditions under w'hich the admimstiation of the antmtamin 
will do the least harm to the host while still exerting an inhibitory effect on 
tumor growth 

Department of Bacteriology and Immunology Hebbebt C Stobbk 

Harvard Medical School 
Boston 


Received for publication, August 22, 1947 

































ON THE NATUEE OF PLASMA IODINE 

Sirs 

Despite the fact that crystaUme thyroxine simulates all of the effects of 
the thyroid hormone, mvestigators have hesitated to state categorically 
that thyroxme is the actual form m which the circulatmg thyroid hormone 
exists Smce the rmnute amount of iodine in plasma makes it \ ery difficult 
to isolate an lodme-containing compound, we have employed the radio- 
active isotope of iodine, to study the nature of the lodme contained 
in plasma 

Rats were mjected with 75 microcuries of carrier-free I^**^ and plasma was 
removed 24 hours later The plasma nas extracted three times with 5 
volumes of butyl alcohol at room temperature Clear butyl alcohol ex- 
tracts were obtamed by centnfugation Plasma I'-^ was found to pass 
quantitatively into the butyl alcohol fraction under these conditions 
Moreover, only about 10 per cent of this iodine could be reextracted from 
the butyl alcohol with 4 N NaOH-5 pei cent NajCOj, a reagent which 
extracts morganic iodine and duodotyrosine lodme These experiments 
demonstrate that approximately 90 per cent of the plasma iodine of the 
rat behaves like thyroxine in its solubihty properties 

Further identification of plasma iodine with thyroxine was effected by 
two sepal ate procedures 

25 mg of three times recrystaUized thyroxine (Squibb) were added as 
carrier to the butyl alcohol extract and the latter cvas concentrated to dry- 
ness on a boilmg w^ater bath under reduced pressure The thyroxine in the 
residue w^as repeatedly recrystaUized and the specific activity of the I*’^ 
determined after each recrystalhzation The constancy of the specific 
activity IS shown m Table I It appears from these results that the 
m the butyl alcohol fraction of plasma is in the same chemical form as the 
material which underw ent recrystalhzation Especially is this true since 
all recrystalhzations were not carried out with the same solvent The 
first recrystalhzation was made from hot 0 1 k KiCOz by the addition of 
glacial acetic acid, the second from a more concentrated 0 1 x KjCOs solu- 
tion by coolmg to 0° in an ice bath, the third bj addition of glacial acetic 
acid to a 70 per cent alkalme alcohol solution 

10 mg of three times recrystaUized th 3 'Toxine were added as earner to 
the butyl alcohol extract and the latter concentrated to drjmess, as de- 
scribed above The thj roxine residue w as then dissoh ed m 0 1 x’ NaOH 
and the solution shaken w ith either butjd alcohol or isoamyl alcohol The 
distribution of the I^^‘ betw een the tw'o immiscible solvents w as compared 
w ith that of the (Table 11) Within experimental error it w as found 

•139 



440 


LETTERS TO THE EDITORS 


Table I 



Expenineat 1 

Expenment 2 

Experiment 3 


counts per 

counts per 

counts per 


mtn per y I 

mtn per y I 

mtn ptryl 

Initial 

2 64 

2 67 

2 90 

4fter lat recrystallization 

2 58 

2 25 

2 69 

“ 2nd 

2 58 

2 20 

2 81 

‘ 3rd 

2 47 

2 28 

2 74 

“ 4tli 

2 53 

2 28 

2 70 


Table II 


Experi 

ment 

ISo 

1 

Solvent pair 

V I per cc. 

I»> per cc 

Specific activity 
XIO' 




counts per sec 

counts per 
sec peryl 

1 

0 1 N NaOH 

100 

9 7 

9 7 


Butyl alcohol 

167 

17 3 

10 3 

2 

0 1 N NaOH 

98 2 

10 0 

10 2 


Butyl alcohol 

170 

17 3 

10 2 

3 

0 1 N NaOH 

264 

25 3 

9 6 


Isoamyl alcohol 

18 2 

1 83 

10 0 


that the distribution of the iv as the same as that of the carrier 

The evidence presented here, we believe, is the strongest yet put forth 
for the view that the circulating thyroid hormone is actually thyro\ine 

Division of Physiology Alvin Tauboq 

University of California Medical School I h Chukoff 

Berkeley 


Received for publication, September 26, 1947 



















INCOEPOEATION OF LABELED GLYCINE INTO THE 
PROTEIN OF TISSUE HOMOGENATES* 

Sirs 

The incorporation of labeled methionine into liver slices^ and of glycme 
mto intestmal shoes- has been reported However, homogenates of these 
tissues Avere mactive 

The present experiments demonstrate that, under suitable conditions, 
homogenates can take up labeled ammo acid The medium employed was 
similar to that suggested by Cohen and McGilvery® in their study of p- 
ammohippunc acid formation by homogenates It had the foUovung 
composition 100 ml of 0 9 per cent NaCl, 8 ml of 1 1 per cent KCl, 1 
ml of 1 2 per cent ICH2PO4, 2 ml of 3 8 per cent MgS04 7H2O, 21 ml of 
1 3 per cent NaHCOa (saturated with CO2), 100 mg of glucose, 50 mg of 


Tissue 

Treatment 

Counts per mg protein per nun 

Active 

homogenate . 

Homogenate boiled 
prior to incubation 

Spleen 

Homogenized m presence of gly- , 
cine 

1 6 

0 2 


Glycme added after homogenizing 

2 2 

0 1 

1 

Medium replaced by distilled 
water, homogenized in pres- 
ence of glycine 

0 1 

1 

0 0 

Liver 

Homogenized in presence of gly- 
cine 

2 6 

0 1 

Intestines 

' it tt 

0 02 

0 01 


sodium citrate, 25 mg of fumaric acid, 20 mg of adenosme triphosphate, 
20 mg of coenzyme I, and 10 mg of cytochrome c Calcium A\as not 
mcluded The solution was oxygenated and adjusted to pH 7 5 

5 ml of medium, approximately 0 25 gm of homogemzed rat tissue, and 
2 mg of radioactive glycme (labeled on the a-carbon with C‘*) ivere mcu- 
bated at 36° for 1 5 hours * Then trichloroacetic acid was added and the 
proteins were prepared as previously described - The results are given in 
the table 

* Aided by grants from the American Cancer Societj (recommended by the Com- 
mittee on Growth of the National Research Council) and the Rockefeller Foundation 

A Melchior, J , and Tarver, H , Arch Biochem , 12, 309 (1947) 

* Winnick, T , Fnedberg, F , and Greenberg, D M , Arch Biochcm , in press 

’Cohen, P P , and McGih erj , R W,/ Biol Chem , 169, 119 (1947) 

* The glycine had an actmty of approximatelj 200,000 counts per mg per minute 
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Both spleen and livei homogenates took up glycine upon mcubation to 
the extent of about 0 1 pei cent of the amounts employed in the media 
The heat-mactivated contiols had almost no activity Homogenates of 
intestines showed no significant uptake The spleen showed approxi 
mately the same activity w'heu the labeled glycine w as added either before 
ox aftei homogenizmg It is significant that spleen homogenates were 
viitually inactive w'hen the nutiient medium ivas replaced by distilled 
w'atei The impoi tance of the individual components of the medium, as 
w'ell as the vaiious factois winch legulate the late of ammo acid uptake, 
IS being investigated 

Division of Biochemistry Felix Fbiedbbrg 

University of California Medical School Theodore Wiwick 

Berl eley D wid M Grebotebq 

Received for publication, September 10, 19-17 



THE POSITION OF STREPOGENIN IN THE PROTEIN 

MOLECULE 


Sns 

Since the structuie of strepogemn, a peptide-hke growth factor consti- 
tuting an integral part of several proteins,^ is not yet known, evidence for 
its position in the piotem molecule is of mteiest A free ammo group is 
essential for strepogenm activity ^ - If this ammo group is free in the 
piotem, then tieatment of the mtact protem with reagents which act on 
ammo groups should lesult m pioducts which do not give rise to strepogenm 
when digested ivith tiypsm oi with acid On the other hand, if the strepo- 
genm IS not at the end of the peptide cham of the protem, then such tieat- 
ment should not altei the strepogenm potency 

Reaction of msuhn with dmitrofluoiobenzene almost completel}’- de- 
stroyed its strepogenm potency as measured with Laclobacillua casei ^ 
Sanger^ has shoivn that this reagent reacts undei veiy mild conditions with 
the flee ammo groups of msuhn Before assay for strepogenm the dmi- 
tiophenyl msuhn was digested with trypsin in one senes of experiments 
To avoid error which might arise fiom mabihty of the enzyme to attack 
the altered protem and hberate the giowth factor, tests were also made on 
hydrolysates ob tamed by allowmg DNP-msuhn to stand m concentiated 
HCl at room temperature for 3 hours Tlus manner of hydrolyzmg pro- 
teins has been shoivn to yield values foi stiepogemn m casern and msuhn 
which are one-fourth those found xvith trypsm digestion Howevei , treat- 
ment of DNP-msulm with concentrated HCl produced no strepogenm 
Similarly, msuhn dearmnated by HNO 2 , when digested either with tryp- 
sm 01 with concentrated HCl, gave less than 10 per cent of the strepogenm 
yielded by the unaltered protein 

Sanger^ has shoivn that the free ammo gioups of msuhn are due solely 
to glycine, phenylalanine, and lysme The inactivation of strepogenm 
in insulin by dmitrofluoiobenzene or HNO; would thus implicate these 
tliiee acids in the strepogenm molecule Hoiiever, since concentrates of 
the giowth factor have been obtamed free of detectable lysine and phenj la- 
lanme, it seems probable that glycine supplies the free ammo group of strep- 
ogenin The recent observations of Sanger^ ha\ e allowed us to gam more 
evidence foi this Men He showed that oxidation of insulin yielded a 

1 Woolley, D W , and Spnnce, H , Federation Proc , 4, 16-1 (1945) Spnnce, H , 
and Woolley, D Vf , J Am Chem Soc , 67, 1734 (1945) 

- Woolley, D W , Sjniposium on body proteins, Uuucrsity of Buffalo' (1946) 

’ Sanger, F , Bwchem J , 39, 507 (1945) 

^ Sanger, F, ^ainrc, 160, 295 (1947) 
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hydrazone contained no C“ The table shows that addition of TPN mth 
out ATP gave some fixation, that the onussion of (1) TPN, (2) ATP and 
TPN, or (3) a-ketoglutaiate and isocitrate resulted in no fixation, but that 
ATP added to TPN enhanced the quantity of C“ fixed 


Incubation mixture* 

D* fixed in orgamcacidfractioat 

Complete system* 

100 

Omit ATP 

27 


* 0 02 M phosphate buffer, pH G 7, 2 7 X 10~’ m MnCl , 0 033 it a ketoglutarate, 
0 0067 M DL-isocitrate, 0 003 m NaHC‘*Oj, and 2 X 10~‘ st ATP 71 mg of lyophilized 
parsley root protein and 100 y of TPN added to total volume of 15 ml Incubated 
at 30° for 3 hours 

t Radioactivity of ether extracts expressed as relative values 100 is equivalent 
to a total fixation of about 3 per cent of the C“ added 

These expeiiments suppoit the hypothesis that tiicarboxylic acids maj 
be formed m plants by a process in\ olvmg the addition of COc to a-Letoglu 
tarate, in a mannei similai to that already demonstiated in anunal tisaues 
by Ochoa - 

Daparlmcnl of Bwchemutry 
Umversily of Chicago 
Chicago 

Received for publication, July 19, 1947 

» Ochoa, S , J Biol Chem , 169, 243 (1915) Ochoa, S , and Weisz-Tabon, E 
J Biol Chem , 169, 215 (1945) ' 


Birgit Vexvesum) 
Joseph CEiTiiua 
MiRixii C GoLncB 








THE CONDUCTANCE OF SOLUTIONS OF SODIUM 
BENZYLPENICILLINATE 

DAVID T WOODBURY and CHARLES ROSENBLUM 

{From the Research Laboratories, Merck and Com-pamj, Inc , Rahway, 

New Jersey) 

(Received for publication, August 16, 1947) 

The conductance of solutions of penicillin salts is a governing factor m 
lontophoietic tieatment of infections with this antibiotic In contiast to 
the experiments of von Salhnann and Meyer (1) showmg an mci eased 
transpoi t of penicillrn to the aqueous humor of rabbit eyes under a n c 
potential of 45 volts, Hamilton-Paterson (2) states that “peniciUm appeai-s 
to be eithei a veiy pool conductoi oi a non-conductoi ” 

This conclusion was based on current measurements m extremely dilute 
(c=i25 to 50 units pei ml ) sodium penicillm solutions with equipment not 
designed to mvestigate ion mobilities A high n c voltage (240 volts) 
mamtained over a period of 1 to 2 horns undoubtedly produced electrolysis 
of water with attendant pH changes at the electrodes, which m turn veie 
responsible for the observed mdicatoi color changes and for the reported 
destruction of peniciUin, a substance known to be very unstable (3) above 
pH 10 and below pH 4 Furtheimore, the mcrease m current to be ex- 
pected from addition of to 10~'' ai sodium penicillin was too small 

(though significant m Hamilton-Pateison’s Experiment 1) to be measured 
with any certamty m the cell employed, which doubtless had a veiy high 
cell constant 

It seems madmissible, despite the experiments cited, that a sodium salt 
of penicillm should have a negligible conductance, although it is altogether 
reasonable to expect the penicillm anion to have a lower mobility than 
most morganic oi small organic anions This expectation was confirmed 
by the conductance measurements of aqueous solutions of crystalline 
sodium ben 2 !ylpenicillmate (penicillm G) described m this paper 

Materials 

Sodium Benzylpemcilhnate (Sodium Penicillm G ) — ^Three moisture- 
fiee Merck preparations of crystallme salt w ere employed m these measure- 
ments Tests presented m Table I mdicate the penicillm purity and 
predommance of the benzylpeniciUm form Assays for penicillm G content 
by the N-ethylpiperidme (4) method and for total peniciUms by the lodo- 
metiic (5) method, as well as rotations and potency (6) determmations, 
w ere performed by the Chemical Control Division of Alerck and Company 
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Inc The reported extinction coefficients are corrected^ for absorption 
by tiaces of penicillenate and penamaldate piesent in solution The 
elementaiy analyses Meie peifoimed in the Alicroanalytical Laboratory 
Cleaily, the penicillin preparations aie at least 95 to 96 per cent m the 
benzyl (G) form, with small amounts of othei penicillms present Solu- 
tions langmg m concentration from c-0 0007 m to ci;0 048 n Mere prepared 
by direct neighmg of the sodium salt mto small taied beakeis or platmum 
boats ^VU conductance measuiements Mere made immediately after 
preparation of the penicillm solutions 

Polassnan Chloride - — Reagent grade potassium chloride, used for deter- 
mmmg cell constants, m as fused prior to preparation of a standard 0 01000 


TvBLi, I 

Properltes of Preparations 



Lot 17 

Lot 36 

Lot 17 

Specific rotation (Na D line), decrees 

294 1 

291 7 

288 8 

Pemcilhn G content (N-ethylpiperi- 

94 S* 

95 S 

95 6 

dine method), % 




Total pemcilhns (lodometric assay), % 

100 0 

104 0 

100 4 

Potency, units per mg 

15S6t 

1556 

15S9 

Molecular extinction coefficient 

253 

250 

249 

(2570 A) 



53 77 

Carbon content (calculated 53 92%), % 

53 63 

53 7S 

Hydrogen content (calculated 

5 23 

5 28 

4 68 

4S1%), % 



1 

7 S4 

Nitrogen content (calculated 7 S6%),% 

7 S2 

7 82 

Sodium content (calculated 6 45%), % 

6 55 

6 36 

6 49 


* Food and Drug Administration value 94 2 per cent 
t Food and Drug Adnumstration value 1642 


demal (7) solution This solution contamed 0 373126 gm of KCl an 
500 000 gm of M'ater (brass m eights, m an) 

Water — ^The Matei employed throughout these expeiiments Mas 
demmeralized by passage tlirough an ion exchanger, and then luitne 
distilled through a block tm condensei No attempt m as made to aerate 
this Avatei Its specific conductance lan about 2 to 5 X 10"° 
cm and M'as alM ays measured befoie salt solutions m eie piepaied ® 

appropriate M'atei collection M^as applied m computmg the conductance 
of salt solutions 


1 Recommended by Dr N R Trenner of this laboratory A full descnp 
be included in the forthcoming monograph entitled. Chemistry of penici ^ 
published by Princeton Umversity Press under the auspices of the Nations 
of Sciences 
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Apparatus 

Resistances of solutions weie measured by a standard KohlrauscJi 
alteinating cuirent bridge (8, 9) airangement A Kohlrausch type helical 
slide wue drum (Leeds and Northiup No 4258) served as the dividmg 
arms of the budge, an (Leeds and Northinp No 4746) a c -wound decade 
bo\, piovidmg up to 11,110 ohms with an accuiacy of ±0 05 per cent, 
seived as the third aim, and the bridge was completed by the conductance 
cell containing the solutions bemg mvestigated Additional Leeds and 
Northrup (Nos 4631 and 4640) a c -wound fixed resistors were available 
if needed for watei conductance observation in units of 1000 or 10,000 
ohms ±0 1 per cent Capacitance effects caused by the cell weie balanced 
by a 0 001 mici ofarad variable condenser shunted across the decade box, 
which permitted operation at a power factor of unity 

The bridge was balanced visually by means of a DuMont 208B cathode 
ray oscillograph (10) which was more convement than earphones and had 
the additional advantage of permittmg the operator to observe the balanc- 
mg out of capacitance effects To achieve maximum accuracy, decade 
box resistances were chosen to permit a balance of the drum withm 1 unit 
of the 500 mark, which was the exact mid-pomt of the drum scale 

High frequency alternatmg curient was supplied by an RCA No 154 
beat frequency oscillator, operatmg on a 115 volt a c Ime and capable of 
supplying smusoidal current m fi equencies up to 15,000 cycles per second 
The operatmg frequency m these measurements was 1000 to 1500 cycles 
per second An output impedance of 250 ohms appeared to be optimum 
for the budge cucuit To avoid excessive electrostatic and mductive effects 
from extianeous sources, the bridge was grounded at the drum contact 
Numerous trials attested to the reliability of this arrangement 

Three Pyrex glass cells (designated Cells F, G, and H) of the Jones (11) 
type, modified to permit gi eater ease of flushmg, and of reduced capacity 
(ci^5 ml ), were used to covei the lesistance lange of the benzylpenicillmate 
salt solutions, a fourth cell (~35 ml ) of the Washburn (12) design (referred 
to as Cell A) was leseived for measurements of water conductivities 
Electiodes veie platmized (13) by electrolysis of a chloroplatmic acid 
solution containmg lead acetate, followed by electrol 3 ^tic dechlorination 
Cells weie flushed at leas(; eight tunes before measurement, and successive 
obsei vations v\ ere made to ascertam constancy of resistance values Cells 
weie kept immeised m a water theimostat mamtamed at 30 05° ± 0 03° 
In all solutions studied, temperature equilibrium was established rapidly 
ow mg to the small volumes mvolved, after some 5 to 10 mmutes, resistances 
remamed essentially constant Penicillin solutions appeared to be stable 
foi at least 1 5 hours, which was the normal duration of a measurement. 
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and in many cases, observations nere continued for 3 hours ■without 
resistance variation 


Table II 


Cell Constants (J) 


Cell 

J 

A 

0 02875 

F 

0 2078 

G 

0 5573 

H 

3 474 


Table III 

Conductance of Sodium Bcmylpcnicilhnate 


Penicillin 
Jot No 

CO 

Cell 

(2) 

Concentration 

(3) 

Vc 

(4) 

Solution, R 

(^) 

A 

C6) 

/ 

Aq 

(7) 

36 

F 

fMies per 1 

0 0007015 

0 02649 

ohms 

^727 0 

cm * 

76 18’l76 20 

78 46 

36 

G 

0 0007015 

0 02649 

9992 0 

76 21 jzk 0 02 


17 


0 001403 

0 03746 

5132 0 

75 20 

78 40 

17 

U 

0 002806 

0 05297 

2634 7 

74 27 

78 79 

17 

(( 

0 005612 

0 07491 

1348 9 

73 08\73 06 

79 47 

17 

H 

0 005612 

0 07491 

8413 4 

73 04J± 0 02 


17 

n 

0 008418 

0 09175 

5660 0 

72 16 

SO 01 

17 

t( 

0 009119 

0 09550 

5258 0 

n Sh 
715?P°°® 

79 85 

36 

ti 

0 009119 

0 09550 

5290 0 

37 

l( 

0 009119 

0 09550 

5298 0 

79 96 

17 


0 009821 

0 09910 

1904 1 

71 48 

17 


0 01740 

0 1319 

2857 7 

69 55 

SO S7 

17 

(( 

0 01824 

0 1351 

2730 0 

69 47 ] osj 

69 30 g 

69 36j 

so 98 

36 


0 01824 

0 1351 

2742 2 

37 

it 

0 01824 

0 1351 

2740 0 

SO 93 

17 


0 01908 

0 1381 

2624 2 

69 08 

17 

tt 

0 02736 

0 1654 

1872 6 

67 66 

81 89 

17 

t( 

0 03648 

0 1910 

1434 0 

66 32 

S2 79 

17 

t( 

0 04349 

0 2080 

1220 0 

65 34 

H3 36 

17 

<< 

0 04560 

0 2135 

1169 1 

05] gs 04 

S3 4S 

36 

u 

0 04560 

0 2135 

1171 4 

65 O 1 L 002 


37 

<( 

0 04560 

0 2135 

1170 0 

65 07 J 

S3 76 

17 

(t 

0 04770 

0 2184 

1120 4 

64 88 


Cell constants (J), measured by deteimmmg lesistances of the standard 
KCl solutions, aie listed m Table II The specific conductance ^of the 
0 01000 demal (7) KCl at 30 05° was taken as 0 001547o ohm ‘ cm 


Results 

Pertment data and calculations based thereon aie compiled m 
Columns 1 to 4 are self-explanatory In Column 5 are found ter 
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ances (R) of the solutions calculated fiom the decade bo\ lesistance r 
(not listed), and the budge reading x (not listed) by means of the standard 
foimula 

„ 10000 - X 

R = r ( 1 ) 

X 

The specific conductance (not shown m Table III) is calculated foi 
each concentiation by the expression 


K 


y 

R 


( 2 ) 


and fiom this quantity is computed the equivalent conductance A (Column 
6), which IS defined as 1000k/C, wheie C is the noimality (equal to molaiity 
in this case) 

Although most of the peniciUm salt measuiements weie made nith Lot 
17, a laige numbei of concentiation levels weie lepeated with Lots 36 and 
37 Seveial of these check luns aie lepoited in Table III, togethei nith 
the aveiage value of equivalent conductance Judgmg fiom the mean 
deviations foi these gioups, the expeiiments yield A values lepioducible 
to ^0 1 unit 


DISCUSSION 

Inspection of Table III fails to leveal the abnoimally Ion conductance 
of sodium benzylpenicillmate solutions piedicted by Hamilton-Paterson 
(2), but selves lather to demonstrate the noimal electiolyte behavioi of 
the salt A plot of these data m the foim of a A vetsus \/C cun e displays 
the usual cuivature (14)- typical of stiong electiolytes, nhich makes 
difficult an accurate extiapolation to infinite dilution The mdicatiou 
fiom low concentiation pomts is that the equnalent conductance of this 
salt at mfinite dilution (Ao) is >78 

A moie piecise evaluation of jVo nas attempted by applymg the 
Shedlovsky (15) modification of the Onsagei equation (16) foi uni-umval- 
ent electiolytes, which maj'’ be nritten 


An — 


A + 


1 - eve 


— Ao 4" BC 


(3) 


All undefined quantities m this equation are constants, and one nould 
expect a plot of A'o vosiis concentiation to be a straight Ime, nith slope 
equal to B and a A'o inteicept of Ao Values of o- and 6, nhich are functions 
of dielectiic constant and tempeiature, are found from tables in Harned 
and Owen (17) to be 67 22 and 0 2299, respectu elj^ for water at 30 05° 


Seo (9), chapter IS 
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Column 7 of Table III contains A'o values computed as specified in Equa- 
tion 3 

Fig 1 IS a plot of A'o veisus C X 1000 fiom which Ao is usually obtained 
by extrapolating to zero concentiation A slight cuivature (Curve I) is 
still evident, especially at the low concentiations This may be due to 
the failuie of theoiy to account for the unusual size and mtei actions of an 
ion such as the benzylpenicillmate ion, or it maj'' lesult from inaccuiacies 
m A measuiements m the veiy dilute solutions, because of adsorption errors 
01 the laige corrections (up to per cent) for uater conductance In 
any event, the disci epancy entailed is not serious, smce the low concentra- 
tion pomts lead to a Ao of 78 3 and the higher concentration pomts, con- 



Fio 1 Variation of A'o with concentration of sodium benzylpenicillmate 


sidered Imear (Cuive II), extrapolate to a Ao of 79 0 ’ If the mobility* 
of the Na+ ion at 30 05° is taken as 55 0, and a value of 79 adopted for 
the equivalent conductance of sodium benzylpenicillmate at infinite 
dilution, a mobility of 24 is derived foi the benzylpenicillmate anion 
A mobility of this magnitude is not n ithout precedent among large organic 
anions (19), and confirms the expected noimal electiolyte nature of sodium 
benzylpemcillmate The measured mobility of 24 leads to transference 
numbers of 0 30 and 0 70 for anion and cation, respectively 

2 Evaluated by the method of least squares by Mr J H Davidson, Chemical 
Control Division ^ 

This mobility is estimated from Na’*' ion mobilities at 0°, 18°, and 25 (181 
temperature coefficient A at 25° is computed to be 0 0192 
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SDJaiARY 

1 The CQuductance of aqueous solutions of sodium benzylpenicillinate 
(sodium penicillin G) has been measuied ovei a range of concentrations 
at 30 05 ± 0 03° 

2 The salt behaves as a completely dissociated electiolyte of the 1 1 
valence type, with possible deviations due to ion size and mteractions 

3 The limitmg equivalent conductance of the salt is csi79 ohm“* cm and 
the mobility of the benzylpenicillmate anion =^24 ohm~^ cm - This 
lelatively low value is leasonable foi a large oiganic anion 
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INCREASED LIVER PHOSPHATASE ACTIVITY IN 
ALLOXAN-DIABETIC RATS* 

By DAVID L DRABKIN and JULIAN B MARSH 

(From the Department of Physiological Chemistry, the Graduate School of Medicine, 
University of Pennsylvania, Philadelphia) 

(Received for publication, July 18, 1947) 

Contributions fiom Con’s laboiatoi 3 '^ b}’^ Colowick et al (3, 4) and 
Sutheiland (5) have pioposed the concept that the effects of ceitain 
hoimones (fiom the anteiioi pituitaiy, adienal coite\, and pancieas) in 
caibohydiate metabolism aie Imked nith then action on specific tissue 
enzymes The action of insulin as thus fai uncovered bj the above 
mvestigatois is not simple, and involves in skeletal muscle the lemoval of 
inhibitions to the activity of he\okmase (3, 4), vhile in hvei gl 5 "cogenesis 
may be stimulated, piesumabl} thiough an mciease m phosphorylase 
activity (5) It seems piobable that insulin maj^ have still othei points 
of action (3) The piesent mvestigation of anothei of the enzymes piomi- 
nently im olved in caiboh} diate metabolism, a stud} of In ei phosphatases 
in an expeiimental diabetic state, A\as encomaged b}" (1) om findmgs (6) 
that alimentaij'' hj^peiglj cemia in lats induces incieases in the activities 
of the acid and alkaline phosphatases of the kiclne}, and that an vilio 
inhibition of phosphoi} lation in kidnej homogenates ma}^ be pioduced 
by the addition of phosphatase, and (2) the leport of Thannhausei and 
his colleagues (7) that m gb^cogen disease the alkalme phosphatase actn it^ 
of the hvei is diminished The A\oik has disclosed that in a veil estab- 
lished alloxan-diabetic state m lats the activities of both acid and alkalme 
hvei phosphatases are significantly mci cased Fuithermoie, oui e\pei- 
iments suggest that in such alloxan-diabetic anmials, tieated effectnely 
vath insulin, theie is a letuin towaids normal le\els of Inei phosphatisc 
activity^ 


Methods 

Diabetes vas induced in male albino lats, 125 to 225 gm m weight, b\ 
intrapeiitoneal oi moie usually subcutaneous injection m aqueous solution 
of 175 to 200 mg of allo\an monoha diate pei kilo of boda a\ eight, follow- 
ing a fastmg peiiod of 24 to 48 houis, as suggested by Kass and Wai^breii 
(8) Food, Puiina dog chow checkeis, and watei weie then allowed ad 

* 4. prelinunary report upon this work has been made (1) Simultaneousli witli 
the publication of our note. Cantor, Tuba, and Capsea (2) published a prehmmara 
report of studies on serum phosphatase in alloaan diabetic rats 



456 


PHOSPHATASE AND DIABETES 


hblium, ^Mth the lats kept in individual metabohsm cages, permittuig 
collection of urine not contaminated by food Convenient cnteria of the 
progress of the diabetic state are the presence of polydipsia and the e\cre- 
tion of abnoimally large volumes (25 to 70 ml pei day) of glycosuric unne 
At appiopriate times after admmistration of the diabetogenic dose of 
alloxan the animals i\eie saciificed by decapitation, and blood and Iner 
samples i\ere taken Blood sugar uas deteimmed by the micromethod 
of Pohn and Malmios (9), \nth a photoelectnc filtei photometei for 
measuiement (6) The hvei samples veie accurately weighed and then 
homogenized uith distilled water foi 2 minutes at room temperature in a 
test-tube homogenize! of the Pottei-Elvehjem (10) tj^pe The amount of 
water used in the homogenization was varied with the weight of sample to 
mamtam a constant concentration of 80 mg of tissue per ml of homo 
genate Freezmg of the tissue in liquid an prior to homogenization, as 
was done in the pievious experiments on kidney tissue (6), was dispensed 
with, since we have now found that this step m the procedure (6) does 
not increase the phosphatase activities of livei and kidney homogenates 

hleasuiement of the acid and alkaline phosphatase activities of the h\er 
homogenates was performed m the same manner as that of the kidnej 
homogenates lepoited by Maish and Drabkin (6), with the sodium /3 
glycerophosphate buffers desciibed by Shmowara, Jones, and Eemhart 
(11), adjusted to pH 5 0 and 9 3 

In lats in which diabetes wms well established (4 days after alloxan 
admmistration), tieatment A\ith insuhn was earned out in two wajs 
In Pwceduie i, 0 4 of a unit of legular insuhn was administered sub 
cutaneously at mteivals of 3 hours foi a total of three mjections, according 
to the procedure of Cantoi et al (2) The blood sugai and hver phos 
phatase activities w^eie detemuned 1 hour following the last dose of insuhn 
In Procedtae 2, designed to afford more adequate treatment, msulm was 
administeied foi 3 daj'S, beginning 4 days after alloxan OS of a unit o 
regular insuhn was injected subcutaneously at 3 5 hour mtervals for a tota 
of 2 4 umts and 1 6 umts of protamine zme insuhn w ere given at the time 
of the last dose (in the late afternoon oi earl)'- evening) of regular ^u ^ 
The homogenates fiom the liver samples m these experiments w ere ® 
mto two ahquots, to one of w'hich 0 5 of a unit of legular msuhn 
to test the effect of fuither addition of msuhn i7i mtro upon phosp a a- 
activity 


expekuiental 

In Table I data are presented upon the acid and alkaline 
activities of hvei tissue fi om normal rats In the ^Uoxan a e 
iments the animals are fed, but then, state of alimentation 
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son with normal animals is not known It was, therefore, thought ad- 
visable to compare the liver phosphatase activities of normal fed rats and 
rats fasted 24 houis In our data (Table I) no sigmficant differences in 
the mean values foi the activities of the liver phosphatases ivere found m 


Table I 

Acid and Alkaline Phosphatase Aehvities per Gm , Wet Weight, of Liver Tissue from 

Normal Rats 


Rat No 

State 

Blood 

Ratio, wet 
to dry 

Phosphatase activity* 




weight 

pH so 

pH9A 



mg per 
100 ml 


mg P per hr 

mi P per hr 

1 

Normal (fed) 


3 30 

7 27 

1 31 

2 

C( 



8 60 

1 76 

3 


92 


6 38 

1 27 

4 

tt tl 



7 34 

1 15 

5 

ti ti 

104 

3 24 

8 76 

1 25 

6 

ii 

99 


7 93 

1 25 

7 

<< <t 

104 


8 66 

1 16 

Mean ± s e f 

102 

3 27 

7 85 ± 0 34 

1 31 ± 0 OS 

8 

Normal (fastedf) 

71 


6 92 

1 26 

9 

t( t< 


3 32 

6 85 

1 28 

10 

it tt 

76 


7 20 

1 34 

11 

tt tt 

68 

3 28 

8 40 


Mean ± s b 

72 

3 30 

7 34 ± 0 36 

1 24 ± 0 05 

Fed and fasted, mean ± s b 

93 

3 29 

7 66 ± 0 25 

1 28 ± 0 05 

12 

Normal (fed) 



6 38§ 

1 37 


* Expressed as mg of P liberated in 1 hour from sodium /3 glycerophosphate at 
37 5° This IS equivalent to Bodansky units (12) 
t Standard error = ± '\/ 2dyn(n — 1) 
t Fasted for 24 hours 

§ The acid phosphatase analysis on this animal nas run at pH 4 5 to serve as a 
control for acid phosphatase values reported on Rats 24 to 26 in Table III 

the fed and 24 houi -fasted animals This findmg is not m accord with 
that of Oppenheimer and Flock (13), vho reported a substantial decrease 
in alkaline phosphatase activity in liver following 24 to 48 hour fastmg 
peiiods Houever, for leasons which are not clear, the normal phospha- 
tase values reported by the above authors both for rat liver and serum are 
only 25 to 50 per cent of the vmlues found by us and others (1, 2) 
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THE AMINO ACID COMPOSITION OF BOVINE SEMEN-' 

By B G RAY SAEEAR.f R W LUECKE, and C W DUNCAN 

(From the Department of Agncultural Chemistry, Michigan Slate College, 

East Lansing) 

(Received for publication, July 23, 1947) 

Very few data aie available concerning the ammo acid content of mam- 
malian speim The eaily woik by Kossel (1) on the protammes of fish 
sperm and on the histones was piimarily concerned \vith an attempt to 
elucidate the stiuctuie of the basic protems The basic proteins aie, in 
general, characterized by a high argmme content Zittle and O'Dell (2) 
have determmed the methionine content of whole bovme spermatozoa and 
found an average value of 1 92 per cent (moistuie- and fat-free basis) 
Smce the literature is obviously mcomplete with respect to the amino acid 
content of sperm and smce some of the pioblems of infertibty might con- 
ceivably be related to one or more of the chemical constituents of semen, it 
seemed advisable to mitiate a study of the ammo acid composition of bovme 
semen 


EXPEKBIENTAL 

Pi eparahon of Semen foi Analysts — ^The ammo acid values reported m 
this papei repiesent a composite of 149 semen samples obtamed from forty 
different bulls These bulls were used loutmely for artificial msemmation 
and were of the Holstem, Guernsey, and Jersey breeds All samples were 
collected by means of the artificial vagina As the samples v ere collected 
they were preserved by freezmg at — 10° m a stoppered contamer until a 
total volume of 250 ml was obtamed At this time the composite sample 
was removed from the freezei, thaued, and centrifuged at 5000 n p si for 
30 mmutes The supernatant liquid or seminal plasma v as decanted, the 
cells washed once with water, centrifuged, and the n ash liquid discarded 
The sperm and seminal plasma were agam frozen and then diied m this 
state by sublimation, and the resultmg products vere white amorphous 
powders The semmal plasma diied m this manner contained 1 4 per cent 
diy matter, while the sperm contamed 20 per cent dry matter Further 
drying tn vacuo for 48 hours at 60° oi er phosphorus pentoxide show ed that 
the fieeze-dried semmal plasma contamed 0 76 per cent moisture while the 

* Published wath the approval of the Director of the Michigan -Agricultural 
Experiment Station as Journal article No S93 (new series) 

t Resident Indian Government Scholar engaged in postdoctorate research 
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amino acids in bovine semen 


sperni contained 6 80 pei cent moisture These diied products were used 
for the deteimination of eleven ammo acids 
Melhods — The ammo acid determinations were carried out microbiologi 
cally \\ ith the organisms Lactobacillus arahinosus, Streptococcus faecalis, and 
Lcuconostoc mesentei oidcs The media used in the vaiious determmations 
aie essentially the same as those desciibed by Saubeilich and Baumann 
(3) The samples weie piepaied for assay accoiding to the method given 
by Stokes et al (1) w ith the exception of the samples foi tryptophan, which 
weie piepared accoiding to the method of Wooley and Sebrell (5) Media 
foi stock cultuies as well as the inoculum weie prepared according to 
Kuiken et al (G) Determmations w ei e made m triphcate and all values 
were checked to within ±5 per cent Ammo acid determinations ivere 


Table I 

Ammo Acid Composition of Sperm and Seminal Plasma* 


Ammo aetd 

Sperm 



#er cent 

ptr cent 

Argimne 

25 47 

7 91 

Histidine 

2 54 

2 13 

Lysine 

5 OS 

4 86 

Tryptophan 

1 59 

2 63 

Phenylalanine 

3 81 

3 42 

Metluonine 

1 81 

1 61 

Threonine 

3 78 

3 20 

Leucine 

5 20 

3 81 

Isoleucine 

3 42 

2 79 

Valine 

3 73 

3 11 

Glutamic acid 

8 33 

7 75 


*A11 the values are expressed on the moisture-, ash , and fat free basis 


also earned out with a sample of puiified casein and these values checked 
with those in the literatuie (7) 


Residts 

The speim and seminal plasma contamed 17 61 and 12 05 per cen 
mtiogen lespectively (Kjeldahl) when corrected foi moisture, fat, an as^^ 
No attempt was made to convert the nitrogen values to peicentage o 
pzotem because of the possibility of the piesence of non-piotem 
compounds Hoivevei, one possible compound, speimme, cou , 

detected in the semen of the bull (8) Both the dried spenn an se 

plasma are high in protein h wn m 

The ammo acid composition of sperm and semmal plasma is ° 
Table I The compositions of the two dried materials are quite s 
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With the exception of arginine, leucine, and tiyptophan As was expected, 
the aiginine content of spenn w'as found to be veiy high, wheieas the con- 
centration of this ammo acid m semmal plasma was relatively low^er, 
although the pioportion exceeded that of any other of the ammo acids 
studied with the possible exception of glutamic acid Di led seminal plasma 
contamed a higher concentration of tiyptophan than speim Methionme 
IS relatively low m both speim and semmal plasma, a characteristic of many 
animal and plant pi otems The amino acid distribution m the protems of 
sperm and semmal plasma is unusual, as is also the case with such speciahzed 
protems as the keratms and hemoglobms (7) 

V SUMAIARX 

The concentration of eleven ammo acids m bovine sperm and semmal 
plasma is reported 

With the exception of aigmine, leucme, and tryptophan, the ammo acid 
composition of sperm and semmal plasma is quite smiilai The argmme 
content of sperm is very high but is relatively much lower m semmal 
plasma The tryptophan concentiation m semmal plasma is considerably 
higher than that found m sperm 
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NOMOGRjVM fou iodometric chloride 


fication of the chloride method rocentlj^ desciibed by Van Slyke and Hiller 
(4), in which the IO3" m the filtiate from the leaction mcxture is titrated 
with 0 02303 N thiohiilfate A btiaight line connecting the obsenedti 
tration value in the left-hand scale with the point on the tempeiature scale, 
that lepresents the temperature at ivhtcli the AgIOz and chloride solution ere 
shaken, cuts the mnei scale at the point indicating the correction to subtract 




Fig 1 

fiom the observed titiation figuie The coirected titration value 1 
calculate urme chloiide by the usual formulae (4) aenendeotb 

In the foim given in Fig 1, the nomogiam is apphea e m i, 

of the numbci of times the mine 01 other analyzed ch on e 
diluted befoie it is shaken with AglOs the 

If the line connecting the light and left scale points belo" 

point foi zero collection, the collection is zeio With j^^er 

35°, the connecting line cannot pass beloiv the figure 0 35 “ , 

because this figuie lepiesents a solution saturated wit 1 <= 
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Foi geneial application to the lodometiic chloride method, m which 
IS measiiied gasometncally (1), colonmetncally (3), oi by titration 
othei than with 0 02303 N thiosulfate, the figures on the left and innei 
scales of the nomogiam can be convex ted into teims of millimoles of 
dissolved lodate pei litei by multiplying the values on both scales by 
100 X 0 02303/6, or 0 3838 

In apply mg the leaction between AglOa and Cl~ to chloride deteimi- 
nation one cannot deteimme a “leagent coirection” by perfoiming a blank 
analysis w'lth water in place of the chloiide solution, and measuimg the 
dissolved I 03 ~ as the coirection Under these conditions the solubility 
of the AglOs would not be depiessed by lOa" formed by the reaction of 
AglOa and Cl", and the filtiate would contain an amount of IO3" W'hich 
w'ould coirespond to the full AglOs solubility, and would theiefoie be 
gieatei than the tiue collection for the depiessed AgI 03 solubility in 
analyses of chloride solutions The reagents can be tested by analyses of 
standaid chloiide solutions, of which the one capable of most piecise prep- 
aiation appears to be standaid hydrochloric acid made from constant 
boiling HCl by the method of Hulett and Bonner (5) 

SUMMARY 

In determmmg chloride by the measurement of the IO3" that goes mto 
solution as a resu t of the reaction, AglOs + Ci" lOj" + AgCl, correction 
for dissolved AglOj becomes sigmficant ( >0 5 per cent) when Ci" concen- 
tration falls below 6 mM at 20° or 10 nui at 35° A nomogram is presented 
for calcu'atmg the correction from the temperature and the concentration 
of total dissolved IO3" 
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A STUDY OF THE NORMAL DISTRIBUTION OF ASCORBIC 
ACID BETWEEN THE RED CELLS AND PLASMA OF 
HUMAN BLOOD 

By FREDERICK SARGENT, 2nd* 

(From the Fatigue Laboratory, Harvard University, Morgan Hall, Boston) 
(Received for publication, May 29, 1947) 

xV numbei of investigations (2, 3, 6, 7, 10) intliin the past 10 j’^eais has 
demonstiated the significance of determining ascoibic acid in the iihole 
blood 01 white blood cells in assessmg the vitamin C nutiituie of individ- 
uals These studies have shoira (a) that the blood cells may contain 
ascoibic acid when theie is no vitamin m the seium (2, 3), (b) that scurvy 
does not appeal until the cellulai ascorbic acid is zeio (2, 3), and (c) that 
the cellulai (2, 3) oi whole blood (6, 7, 10) values aie closely correlated 
with the total bodily ascoibic acid Because of the continued wide- 
spiead use of ascoibic acid deteiminations on seium oi plasma in nutri- 
tional suiveys, it seemed that a study undei taken to e\amme the mter- 
lelation of ascoibic acid levels in the seium (plasma), red cells, and wdiole 
blood would contribute to an understanding of the data aheady amassed 
Such an investigation was furthei indicated by the lack of agieement 
among those who have aheady evplored this inteii elation as to w'hethei 
the led blood cell oi the serum contained the laigei amount of ascorbic 
acid 

The piesent lepoit deals with a study of theinteiielations of the ascorbic 
acid concentrations mthe plasma, red cells, and whole blood, as detei mined 
in the cases of twent 3 ^-six healthj’’ adults 

Methods 

Thioughout this studj’^ the ascorbic acid concentiation of whole blood 
and of plasma was detei mined by the 2,4-dinitiophen3dh3drazine method 
of Roe and Kuethei (9) This method assaj^s both ascorbic and dehydro- 
ascoibic acid 

The subjects used in the studj weie healthj men and women living on 
an ordinal}^ diet Duimg the course of the im estigation the diet of a few 
of the subjects was supplemented, foi expeimiental purposes, with tr\stal- 
line ascoibic acid In all cases venous blood w as obtained bj \ enipuncturt 
after 12 to 15 houis of fastmg The blood was immediately heparinized 

* Present address, Presbyterian Hospital, Chicago 12, Ulinois 
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Hematocrits were determmed with Wmtrobe tubes The ascorbic aucl 
concentration of the cells was calculated from the fonnula 

Ac = (4„!, X 1 - Aj,Vj,)/Vc 

where Ac, A,ob, and Ap repiesent the ascorbic acid concentration of the 
cells, whole blood, and plasma respectively, and Vp and Vc represent the 
plasma and cell volumes respectively Vc includes the buffy layer and 
hence Ac refers to total (red + white) blood ceU ascorbic acid content 

Results 

Table I summaiizes the data collected on the eighteen healthy male 
and eight healthy female subjects In all, thirty-eight determinations 
weie made on these subjects Essentially, the range of values we studied 
included the lange of values leported bj'’ othei investigators The results 
will be piesented m two paits 

(a) Relation between Ac and Ap — ^Because ascorbic acid is a water- 
soluble substance, we felt that a truer picture of the distribution of ascorbic 
acid between cells and plasma would be obtamed if the ascorbic acid 
concentrations weie expressed in terms of mg per 100 ml of plasma and 
led blood cell water In makmg the necessaiy calculations we used the 
data given by Bodansky (1) on the watei content of human serum and red 
cells 

Accoidmgly the data m Table I were recalculated m terms of ascorbic 
acid pel 100 ml of HjO and were charted The straight hne 

Ap = Ac - 0 45 (a) 

where Ap and Ac aie ascorbic acid concentrations, m mg per 100 ml of 
plasma and cell water respectively, was fitted by mspection We felt 
that the application of the moie refined statistical methods was unwar- 
ranted in view of the small population used m this study This equation 
satisfactorily describes the tiend of oui data Fiom the equation it is 
seen that when the ascorbic acid concentration in the plasma and that m 
the cells are expressed m relation to water, the cells contain more ascorbic 
acid than the plasma under fasting (equihbiium) conditions ovei the 
entue range of ascoibic acid concentrations m plasma reported in this 
study 

When the ascorbic acid concentiation is expressed m mg pei cent (,as 
in Table I), the relation between Ac and Ap becomes 

A'p = 1 43 A'c - 0 72 

Expressed m this way, the amount of ascoibic acid in the cells is greater 
than the amount in the plasma only when Ap is less than 1 55 mg per 
cent Above this level theie is moie ascorbic acid m the plasma (because 
of the greater amount of water in the plasma than in the cells) 
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Tabi-b I 


4scor&tc Acid Concenlrahons m Whole Blood, Plasma, and Red Blood Cells of 
Twenty-Six Healthy Subjects before Breakfast 


Subject 

Hematocrit 

AVhoIe blood 
ascorbic acid 

Plasma 
ascorbic acid 

Cellular 
ascorbic acid 

A e 

A R* 

per cent 

43 8 

ms percent 

0 35 

mg per cent 

0 25 

mg percent 

0 45 

1 8 


47 1 

0 45 

0 30 

0 55 

1 8 

♦ 

44 0 

0 50 

0 30 

0 70 

2 3 


47 3 

0 80 

0 65 

0 95 

1 5 

J Pe * 

53 9 

0 60 

0 50 

0 65 

1 3 


51 2 

0 60 

0 50 

0 65 

1 3 


54 3 

0 70 

0 55 

0 85 

1 5 


50 5 

1 25 

1 20 

1 25 

1 0 

! 

51 6 

1 90 

2 00 

1 SO 

0 9 

J Po 

47 7 

0 60 

0 30 

0 90 

3 0 

H G 

47 4 

0 70 i 

0 50 

0 95 

1 9 

W H 

47 0 , 

0 70 1 

0 60 

0 SO 

1 3 

L Z 

51 6 

0 80 1 

0 70 

0 90 

1 3 

F C 

46 7 ) 

0 SO j 

0 70 

0 90 

1 3 

P C 

46 8 i 

0 SO 

0 65 

0 95 

1 5 

G N 

50 6 

0 80 

0 75 

0 SO 

1 1 

* 

47 7 

1 00 

1 10 

0 90 

0 9 

M B 

44 2 

0 85 

1 00 

0 65 

0 65 

D D 

50 4 

0 85 

0 90 

1 00 

1 1 

C B 

50 0 

0 90 

0 75 

1 05 

1 4 

L H 

48 6 

j 0 90 

0 S5 

0 95 

1 1 

L M 

45 8 

1 0 95 

0 95 

0 95 

1 0 

M S 

44 5 

1 05 

0 95 

1 15 

1 2 

F S 

44 4 

1 1 10 

1 10 

1 10 

1 0 


48 1 

! 1 20 

1 05 

1 30 

' 1 2 


45 6 

t 1 50 

i 1 30 

f 1 SO 

1 4 

F B 

47 2 

1 25 

1 30 

1 20 

0 9 

P R 

43 4 

1 25 

1 20 

1 35 

1 1 


44 2 

1 95 

1 SO 

2 15 

1 2 

M L 

43 9 

1 40 

1 35 

1 45 

1 1 

R J 

51 1 

1 45 

1 70 

1 20 

0 7 

A H 

41 9 

1 55 

1 45 

1 60 

1 1 


42 4 

1 85 

1 95 

1 70 

0 9 

N R 

47 4 

1 65 

1 70 

1 60 

0 95 

P K 

46 4 

1 65 

1 60 

1 70 

1 1 

M P 

43 4 

1 70 

1 85 

1 50 

0 8 

M M 

46 0 

1 75 

1 40 

2 15 

1 5 

R C 

43 4 

1 So 

1 90 

1 SO 

0 95 


•Blood obtained after a breakfast of toast and coffee, fasting nith respect to 
ascorbic acid 


(6) Relation between A„b and -4^ *4p— From equation (a) and the normal 
hematocrit we can calculate 'nhat the relation between -iut and -Ip 
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should be Thus from Ap = -dc - 0 45 and = 0 62 yl,, + 0 38 dc 
(normal hematociit collected foi watei content of nhole blood, plasma, 
and cells (1)), we obtam 

Ae ^ Atcb 0 28 

Ap " iuiT- 017 

From oui oiigmal data lecalculated m teims of mg pei 100 ml of H.O, 
we plotted Ac Ap veisus A^b and htted a cuiwe based on equation (c) 
This equation satisfactoiily desciibed the lelationslup In othei Moids, 
the latio of the concentiation of ascoibic acid in the blood cells to the 
concentration of ascorbic acid m the plasma is i elated to the concentiation 
of ascoibic acid m the ivhole blood Below A^b = 1 5 mg per 100 ml 
of HsO, the dependency of the value of the latio Ac Ap upon is most 
significant, foi in these langes the gieatei concentiation of ascorbic acid 
m the cells assumes a largei lole m deteimming the value of this ratio 
than in the range of values wheie A^b is gieatei than 1 5 

A shift in the latio Ac Ap uith changing uhole blood ascoibic acid 
content can be demonstiated when a single subject is followed at mtervals 
before, during, and aftei satuiation with ascoibic acid Subject J Pe 
(Table I) w'as satuiated with ascoibic acid, according to the ciiterion of 
Hememan (6), taking 1500 mg of ascorbic acid m 24 houis Aftei satuia- 
tion, the ratio deci eased Dining the follow mg month, the ratio in- 
creased again as the whole blood ascoibic acid decieased In another 
subject, ivho alteied his diet so as to obtain a large amount of ascorbic 
acid from natural sources, we were able to demonstiate a decieased latio 
(m a test about 1 month aftei the dietaiy alteiation) as the whole blood 
ascorbic acid content inci eased (Subject A R , Table I) Thus when one 
individual is followed through a peiiod of changing ascoibic acid nutri- 
tion, we find the same relation between *1^ Ap and A-^b as when several 
mdividuals, each differing with respect to iscoibic acid mitiituie, aie 
compared 

We beheve that the pecuhai form of the relation between Ac Ap arises 
from the facts that (1) Vp > Vc and that (2) when Ap = 0 , Ac = 0 45 
Since the cells have a gieatei ascorbic acid content than does the plasma, 
as the plasma concentration appioaches zeio, the ratio Ac Ap lapidly 
approaches infinity 

DISCUSSION 

Our findmg that the ratio of the concentration of ascorbic acid ui the 
cells to that in the plasma depends upon the ascoibic acid concentiation 
in whole blood confirms the findmgs of other woikeis w'ho have stiidie 
this problem In 1938 Hememan (6) reported that in fastmg subjec s 



DEHYDROPEPTIDASE ACTIVITY IN CERTAIN ANEVIAL 
AND PLANT TISSUES 

Bt VINCENT E PRICE A^D JESSE P GREENSTEIN 
{From the National Cancer Institute, National Institute of Health, Bethesda, Maryland) 

(Received for publication, July 31, 1947) 

In 1932, Bergmann and Schleich (1) observed that glycerol extracts of 
swme kidney and panel eas possess the capacity of hydiolyzing glycyl- 
dehydrophenylalanine (glycyl-a-aminophenylacryhc acid) to glycine, am- 
monia, and phenylpyxuvic acid To the enzyme system responsible, 
whose distmction from dipeptidase, carboxypeptidase, and aminopep- 
tidase was demonstrated, they gave the designation of dehydropeptidase 
This enzyme system was not further investigated until recently, when, by 
using acetyldehydioalanine, chloroacetyldehydroalamne, and glycyl- 
dehydroalanine as substrates, it was noted that (1) glycyldehydroalanme 
was hydiolyzed ivith great rapidity m aqueous extracts of all animal and 
plant tissues studied, yieldmg products which included equivalent amounts 
of ammonia and pyruvic acid ( 2 - 4 ) , (2) acetyldehydroalamne and chloro- 
acetyldehydroalanine uere hydiolyzed in ext i acts only of kidney and liver 
and of a few plant tissues to yield equivalent amounts of ammonia and 
pyruvic acid, (3) this distribution m diffeient tissues capable of splitting 
glycyldehydroalanme and chloroacetyldehydroalamne suggested the ex- 
istence of at least two different dehydropeptidases, for one of which, desig- 
nated dehydropeptidase I, the formei substrate was suitable, and for the 
other, designated dehydropeptidase II, the latter substiate uas suitable 
(2) This distinction has since been established by Shack who separated 
the two enzymes by fractional alcohol precipitation at low temperature ' 
Furtheimore, it has been found that the aliphatic dehydropeptides pos- 
sess a characteristic absoiption m the ultraviolet region which disappears 
as the substrates aie hydrolyzed, accordingly, an alternative method to 
that of the chemical determination of ammonia and pyi uvic acid is available 
for following the coiuse of dehvdiopeptidase activity in tissue pieparations 
(2-4) Finally, the leady enzymatic degiadation of C 3 '^stinc peptides (2) 
and of di(glycylammo)piopionic acid (5, G) to products which include 
equivalent amounts of ammonia and pyruvic acid suggests possible ph 3 ’'si- 
ological piecursois of the dehydropeptides 
The puipose of the present communication is to supplement these findings 
(1) by reporting the lelative susceptibility of a wide variety of dehydro- 
peptides, some of them new , to enz 3 Tnatic h 3 'drol 3 sis by a number of animal 

> Shack, J , personal communication 
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SUMSIARY 

1 Thiity-eight deteiminations of ascoibic acid m the whole blood, 
plasma, and red blood cells were made on eighteen healthy males and eight 
healthy females 

2 Wlien the ascorbic acid concentiation is expressed in mg per 100 ml 
of blood cells oi plasma, the i elation between Ac and Ap is approximately 
A'p = 1 43 A'c - 0 72 

3 When the ascoibic acid concentiation is expiessed m mg per 100 ml 
of H 2 O, the relation between Ac and Ap is appioximately = ylc — 045 

4 The latio of the concentration of ascoibic acid in the cells to that in 
the plasma depends upon the concentration of ascorbic acid m the whole 
blood This relation is approximately 

, , •'luk + 0 28 

^ ^ - 0 17 

wheie A is expiessed m mg pei 100 ml of HjO 

5 We conclude that the disagieement in the hteiatuie conceining the 
distnbution of ascorbic acid between cells and plasma (serum) is laigely due 
to the fact that the vauous woikeis have not investigated the same range 
of xxhole blood ascorbic acid concentiations 

I am indebted to Dr William II Foibes and Di RobeitE Johnson for 
encouragement and many helpful suggestions 
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In 1932, Bergmann and Schleich (1) observed that glycerol extracts of 
swme kidney and panel eas possess the capacity of hydiolyzing glycyl- 
dehydrophenylalanine (glycyl-a-ammophenylacryhc acid) to glycine, am- 
monia, and phenylpyxuvic acid To the enzyme system responsible, 
whose distmction from dipeptidase, carboxypeptidase, and aminopep- 
tidase was demonstrated, they gave the designation of dehydropeptidase 
This enzyme system was not further investigated until recently, when, by 
using acetyldehydioalanine, chloroacetyldehydroalamne, and glycyl- 
dehydroalanine as substrates, it was noted that (1) glycyldehydroalanme 
was hydiolyzed ivith great rapidity m aqueous extracts of all animal and 
plant tissues studied, yieldmg products which included equivalent amounts 
of ammonia and pyruvic acid (2-4), (2) acetyldehydroalamne and chloro- 
acetyldehydroalanine uere hydiolyzed in ext i acts only of kidney and liver 
and of a few plant tissues to yield equivalent amounts of ammonia and 
pyruvic acid, (3) this distribution in diffeient tissues capable of splitting 
glycyldehydroalanme and chloroacetyldehydroalamne suggested the ex- 
istence of at least two different dehydropeptidases, for one of which, desig- 
nated dehydropeptidase I, the formei substrate was suitable, and for the 
other, designated dehydropeptidase II, the latter substiate nas suitable 
(2) This distinction has since been established by Shack who separated 
the two enzymes by fractional alcohol precipitation at low temperature ' 
Furtheimore, it has been found that the aliphatic dehydropeptides pos- 
sess a characteristic absoiption in the ultraviolet region which disappears 
as the substrates aie hydrolyzed, accordingly, an alternative method to 
that of the chemical determination of ammonia and pyi uvic acid is available 
for following the coiuse of dehvdiopeptidase activity in tissue pieparations 
(2-4) Finally, the leady enzymatic degiadation of C 3 '^stinc peptides (2) 
and of di(glycylamino)piopionic acid (5, G) to products which include 
equivalent amounts of ammonia and pjTuvic acid suggests possible ph 3 ''si- 
ological piecursois of the dehydropeptides 
The puipose of the present communication is to supplement these findings 
(1) by reporting the lelative susceptibility of a wide variety of dehydro- 
peptides, some of them new , to enz 3 Tnatic hydro^ sis by a number of animal 

> Shack, J , personal communication 
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And plant tissues, and by human serum, (2) by describmg the charac- 
teristic absorption spectra of peptides of dehydrophenylalanine in the 
ultiaviolet region, together with a method of following the enzymatic 
hydrolysis of these dehydropeptides based upon this chaiacteiistic ab- 
sorption, and (3) by describing a new synthesis of N-chloioacylated pep- 
tides of dehydroalanme - 


Procedui e 

New Sy7ithesis of Cerlatii Dehydropeptides 

Bergmann and Grafe (8) described a method of prepaimg chloioacetyl- 
dehydioalanine in about a 20 pei cent yield by heating a mixture of chloro- 
acetamide and pyruvic acid in vacuo under a reflux condensei Consid- 
ible difficulty has been encountered m this laboratoiy with this synthesis, 
only tno successful preparations being achieved out of some two dozen 
attempts (9) A simple, reproducible, and neaily quantitative yield of 
chloroacetyldehydroalanme was achieved by mixing chloroacetonitnle 
with pyruvic acid m the piesence of dry HCl gas (10) This method was 
subsequently successfully applied to the piepaiation of a newdehydiopep- 
tide, namely OL-a-chloropiopionyldehydroalanme, thiough the use of a- 
chloiopiopionitrile On ammation, the two halogenated dehydropeptides 
yielded the coiiespondmg glycyldehydroalanine and oL-alanyldehydro- 
alanine, respectively This last compound is the fiist dehydiopeptide 
prepared 'which possesses asymmetric carbon atoms in addition to fiee 
ammo and carboxyl groups ^ 

The reaction between nitrile (I) and pyiuvic acid m the presence of HCl 
gas may be due to the primary foiraation of the iraino chloiide (II) ivhich, 
condensing with the enohe foim of pyiuvic acid (III) foims the coire- 
sponding dehydiopeptide (IV) 

The leaction appears at the piesent time to be limited to a-cliloroni- 
triles, for acetonitrile or /3-chloioacetonitiile mixed with pyiuvic acid did 
not react 

- Recently, Fruton, Sunmonds, and Smith (7) have investigated the effect of m 
cubating cultures of Escherichia colt with various acetyldehydroamino acids, includ- 
ing acetyldehydrotyrosine, acetyldehydrophenylalanine, acetyldehydroleucine, and 
acctyldehydroalanine The hydrolysis of these compounds was followed spectro 
photometrically by noting the decrease m tlie absorption band in the ultraviole 
region for each compound Only acetyldehydrotyrosine and acctyldehydroalanine 
were appreciably decomposed during the grow th of the organisms 

I The several dehydropeptides prepared by Doherty, Tietzman, and Bergmann, 
although containing asymmetric carbon atoms, are all acylated at the ammo gro p 

(11) 



V E PHICE AND J P GBEENSTEIN 


479 


KPT 

RCHGICN ^ RCHC1C(=NH)CI 

(I) (II) 

ECHC1C(==NH)CI + OH--C(=CH.)COOH >• 

(II) (III) 

RCHCIC(=NH)0C(==CH2)C00H RCHC1C(=0)NHC(=CH )COOH 
(IV) (IV) 

RCHC1C(=0)N=C(CH,)C00H 

(IV) 

Chloroacetyldehydroalamne — 7 6 gm of redistilled chloroacetonitnle were 
mixed with 10 6 gm of redistilled pyruvic acid, chilled, and saturated 
with diy HCl gas After standing for 1 hour at 5°, the mixture became a 
solid mass of ciystals of nearly pure chloroacetyldehydroalamne The 
muxture was allowed to stand m ice foi another 12 hours, and was then 
ivashed on a suction filter with diy ether The yield was 14 gm or 86 per 
cent of the theory, based on the nitiile, m p 156°, N S 3 per cent found, 
8 6 per cent theory A single ciystallization from acetone laised the 
melting point to 162°, uncoirected, N 8 6 pei cent found, 8 6 per cent 
theory Bergmann and Grafe give 162-165°, corrected, as the melting 
point of their compound The preparation, like that made according to 
the method of Beigmann and Grafe, gave in aqueous solution the charac- 
teiistic ultiaviolet absorption curve desciibed by Caiter and Greenstein (3) 
Glycijldehydroalamne — The chloioacetyldehydroalamne so obtained was 
treated with aqueous ammonia in the usual manner (8) and an 80 per cent 
yield of long, glistening pi isms of glycyldehydroalanme was obtained 
M p 191°, N 19 2 pel cent found, 19 4 per cent theory The ultraviolet 
absoiption spectium was identical with that reported earlier (3) 
uh-a-Chloropioptonyldehydroalantne — 9 0 gm of ledistilled a-chloio- 
piopionitiile, piepaied by the dehydration of a-chloiopropionylamide 
(12), were mixed with 10 6 gm of redistilled pyruvic acid, chilled, and 
satuiated ivith diy HCl gas After standing in the ice chest overnight at 
5°, a mass of crystals of the dehydropeptide had separated The mixture 
was tiansf erred to the filter ivith dry ether, ivashed several times, and 
diied Yield, 12 gm oi 68 pei cent of the theory, m p 130°, uncorrected 
The compound readily ciystallizes from acetone m flat prisms, m p 132°, 
uncorrected, N 76 per cent found, 7 8 per cent theory 
nh-Alanyldeliydroalanine — 10 gm of the above compound were dissolved 
m 100 cc of water saturated ivith ammonia at 5° After standing 5 days 
it 25°, the solution was filtered and evaporated to a thick syrup in lacuo 
The residue ivas taken up m a small amount of water and treated with i 
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large v olume of absolute alcohol Two repetitions of this pi ocedure yielded 
small piismatic crystals of DL-alanyldehydi oalanine, 4 5 gm, or 50 per 
cent of the theory The compound begins to darken at 186°, but does not 
melt up to 230° 

Calculated, C 45 5, H 6 4, N 17 S, found, C 45 3, H 6 2, N 17 7 

Both DL-a-chloropropionyldehydioalanme and ni^alanyldehydroalanine 
possess nearly identical absorption spectia m the ultraviolet region with 



Fig 1 Absorption spectra at pH 7 0 of aliphatic debydropeptides (upper curve), 
pyruvic acid (middle, broken curve), and analogous saturated peptides (lower curve), 
all at 1 7 X 10"‘ m X acetj Idehydroalamne, O cliloroacetyldehydroalamne, • 
glycyldehydroalanine, A a-chloropropionyldehydroalanine, □ alanjldehjdroala- 
nme, A acetylalanine, ■ chloroacetj lalanine, O glj cj lalanine 

a mavimum at 2400 A Fuithermoie, the curves are nearly identical mth 
those foi acetyldehydi oalanine, chloioacetyldehydroalanine, and glycyl- 
dehydroalamne (Fig 1) It is evident that the shape of the ounces is 
practically mdependent of the natuie of the N-acyl radical, and this 
charactenstic absorption may be attiibuted to the capacity of these com- 
pounds to e\ist m the following tautomeiic equilibnum (3) 
ECONHC(=CH.)COOH RCON=C(CHi)COOH 

The difference in the amount and charactenstics of the absorption be- 
tween the dehj^dropeptides and those of then saturated analogues is no e- 

worthy 
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Other Dehydropepltdes and Peptides (SiewitecZ— Acetyldehydroalanme was 
prepaied accoiding to the method of Beigmann and Grafe (8) ^vlth the 
modifications leported by Gon 5 alves, Piice, and Gieenstem (4) 
N'Acetammocinnamic acid (acetyldehydiophenylalanme) (13), chloro- 
aeetyldehydrophenylalanine (14), glycyldehydiophenylalamne (14), chlo- 
roacetyl-DL-alanme (15), glycyl-Dt-alanme (15), chloioacetyl-DL-phenyl- 
alamne (16), and glycyi-DL-phenylalanme (16) were prepared accordmg 



PiG 2 Absorption spectra at pH 7 0 of aromatic debydropeptides (5 X 10~* m, 
upper curve), phenylpyruvic acid (1 7 X 10"’ ji, middle curve), and analogous sat- 
urated peptides (1 7 X 10“’ ii, lower curve) X acetyldehydrophenylalanine, A 
chloroacetyldehydrophenylalamne, O giycyldehydrophenylaianine, O icctylphen- 
ylalanme, A chloroacetylphenylalaoine, ■ glycylphenyJalanine 

to the references cited Acetylalanme and acetylphenylalamne were 
prepared by the usual pzocedure of treating the ammo acid with acetic 
anhydride (c/ (17)) All compounds weie checked by their melting points 
and total nitrogen analysis 

Ultraviolet Absorption Spectra of Dehydrophcnylalantnc Peptides 

As earlier reported (3) and as noted in Fig 1, the peptides of dehydro- 
alanme possess a characteristic absorption in the ultraviolet region, wath i 
maximum at 2400 A The peptides of dehj drophenylalamne al-o po'wc-.-^ 
a characteristic absorption m the ultraviolet region, but the shape of these 
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curves is markedly different from that of the aliphatic dehydropeptides 
(Fig 2) The saturated phenylalanine peptides possess nearly identical 
spectia with a maximum at about 2600 A, which maximum may be at- 
tributable to the phenyl group The unsatuiated phenylalanine peptides 
possess a consideiably greater absorption, with a maxunum at 2750 A, 
and the shape of the absorption curves, like that of the aliphatic dehydro- 
peptides, is independent of the nature of the N-acyl radical This charac- 
teristic absoiption, too, may be attributed to the existence of the dehydro- 
peptides in tautomeric forms 

RC0NHC(=CHC6H6)C00H RC0N=C(CH:C6H6)C00H 

It IS probable, howevei , that with this class of compounds the equilibrium 
lies far to the left, because of the tendency of the phenyl gioup to hold the 
side chain double bond m a position conjugated with the aromatic rmg, 
thus preventing the tautomeric shift of the double bond to the carbon- 
nitrogen position ■* 


Enzymatic Delenmnations 

Fresh aqueous extracts of various homogenized rat and plant tissues, 
as well as human serum, were the souice of the enzjrmes studied The 
digests consisted of 1 cc of tissue extract at the desired concentiation or 
1 cc of serum plus 2 cc of 0 15 m sodium boiate buffer at pH 8 1, plus 1 cc 
of substiate solution at 0 025 M for all substiates except chloiopiopionyl- 
dehydroalanine and alanyldehydroalanme, which weie at 0 05 m Blanks 
on the extiacts weie deteimined by substitution of 1 cc of watei foi the 
substiate solution, and the enzymatic activities noted weie coriected for 
these blanks The chloroacetyl peptide solutions weie bi ought to pH 7 0 
by addition of dilute NaOH All substrates were completely stable in 
water over several weeks standmg, as is revealed by their absoiption curves 
m the ultraviolet region (Figs 1 and 2) 

The dehydropeptides are hydrolyzed undei the influence of dehydro- 
peptidases to pi oducts which include equivalent amounts of ammoma and 
keto acid (2, 4) 

RCONHC(=CHR')COOH ^ > RCOOH + NH, + CH R'COCOOH 

* The absorption spectra of acetyldehydrotyrosine and of acetyldehydrophenyl- 
alamne at pH 2 and 11 were recently described by Fruton, Simmonds, and Smith (7) 
The maximum extinction coefficients in acid were, respectively, 21,100 at 3050 A an 
15 400 at 2825 A, and in alkali 23,050 at 3300 A and 13,840 at 2725 A At 2575 A, the 
maximum extinction coefficient of acetylphenylalamno was 250 at pH - 
pH 11 From Fig 2, at pH 7 0, the maximum extinction coefficient of acetyWeny 
phenylalanine is 15,000 at 2750 A, and of acetylphenylalamne 200 at 2600 A 
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The activity may be followed (1) chemically by measurmg the rate at 
which ammonia and keto acid are produced, and (2) spectrophotometn- 
cally by measurmg the i ate at m hich the dehydropeptide bond is hydrolyzed 
through the piogressive loss m the chaiacteiistic absorption of the sub- 
stiate in the ultiaviolet legion (3, 4) Both methods yield identical and 
paiallel lesults (4) The piogiessive loss m the chaiacteiistic absoiption 
cuive of acetyldehydioalanine m rat kidney digests was sho^vn by Gon- 



Fig 3 Progressive change in absorption of glycyldehyclrophenylalanme m rat 
kidney digests The digests consisted of 1 cc of extract equivalent to 50 nig of fresh 
tissue, 2 cc of borate buffer at pH 8 1, and 1 cc of either water or 0 025 m substrate 
Aliquots of digest diluted 1 125 with water prior to readings Cells 1 cm in length 
Digestion periods, Curve 1, zero minutes, Curve 2, 5 minutes. Curve 3, 12 minutes, 
Curve 4, 30 minutes. Curve 5, 45 minutes. Curve 6, 62 minutes The broken line 
refers to phenylpyruvic acid 

calves, Puce, and Gieenstem (4) In similai fashion, the progressive loss 
m the chaiacteiistic absoiption cuive of gl 3 'C} Ideh} drophen} lalanine in 
lat kiclnej’’ digests is showm in Fig 3 Cuive 1 is that of the substrate, 
the bottom curve is that of phenylpyi u\ ic acid w Inch is the only product of 
the h)'^diolysis possessing a chaiactenstic absoiption of its own (maximum 
at 2850 A (4)) Toward the end of the digestion, the shape of the ab- 
soiption curve approaches that of phenj Ipj i u\ ic acid, just as in the case 
of the aliphatic dehydropeptides it approaches that of pjruxic acid (3) 
Usually, only one w^ave-length is selected to follow the decomposition 
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of the dehydropeptides Foi the aliphatic dehydropeptides the rate of fall 
m the absoi ption at 2500 A was emplo 3 'ed (3, 4) From the present results, 
the hydrolysis of the dehydiophenylalanme peptides is best followed 
spectrophotometiically by the rate of deciease of the 2750 A band Enzy- 
matic activity IS estimated as usual over the range in which this decrease 
IS linear with time (3) 



Fig 4 Evolution of ammonia above controls m digests of DL-alanyldehydro- 
alanine with aqueous extracts of Kentucky Wonder bean seeds The digests consisted 
of 1 cc of extract containing 0 7 mg of total N, 2 cc of borate buffer at pH 8 1, and 
1 cc of either water or 0 05 ji substrate Complete hydrolysis of both optical forms 
should yield 50 micromoles of ammonia N 


Hydrolysis of nh-Alanyldehydroalamne 

In oidei to see wliethei both optical foims of DL-alanyldehydroalanine 
aie enzymatically hydiolyzed in tissue piepaiations, this substrate was 
digested with aqueous exdiacts of lat kidney, lat Iivei, and bean seeds 
(Kentucky Wondei vaiiety) under conditions which reveal maximum 
hydrolysis (Fig 4) The evolved ammonia ivas determmed by the aeration 
piocedure desciibed (2) The hvei ex-tiacts contamed 1 mg of total N per 
cc the kidney exdiacts, 0 25 mg of total N pei cc , and the digests were 
made up as described in Fig 3 Flora a half hour period of digestion to » 
houis the ammonia N evolved above the extract controls was a constan 
23 to ’24 miciomoles The results from the digests of this substrate wit 
the animal and plant tissues studied reveal that only one of the two optic 



V E PRICE AND J P GREENSTEIN 


485 


isomeis of DL-alanyldehydroalanme is enzymatically hydrolyzed Until 
each optical form is synthesized and sepaiately studied in the tissue digests, 
it cannot be said with certamty which one of the forms in the dl compound 
IS hydiolyzed undei these conditions, although it would be expected that 
the natural or n form would be the susceptible component With the 
relatively dilute tissue extracts employed, little if any d- or n-amino acid 
oxidase activity is present, and the possible contribution to the evolved 
ammonia in the digests by oxidative desammation of the liberated alanme 
is negligible 

A similar study undei maximum conditions of hydrolysis for DL-a-chloro- 
propionyldehydioalanine was impracticable because of the very low rate 
of hydrolysis of this compound 

SuscepUbihty of Various Dehydropeplides 

The relative rate of hydrolysis of available dehydropeptides by extracts 
of vanous animal and plant tissues was determmed by noting the rate of 
evolution of ammonia in the digests by the method described (2) Suitable 
dilutions of the tissue extracts weie made with water so as to yield within 
the 1st hour of digestion a nearly linear relation between hydrolysis and 
time The activity of each tissue is then expressed in terms of micromoles 
X 10 of substrate hydrolyzed per hour per mg of total mtiogen per cc of 
extract used (3) Neither glycine noi glycylglycme yields ammonia under 
the present digestion conditions Experiments with kidney digests with 
the various substrates under anaerobic conditions were conducted in the 
modified Thunberg tubes described earlier (18) The data are collected m 
Table I 

DL-Alanyldehydroalanme and glycyldehydroalanine are rapidly hydro- 
lyzed by all of the tissues studied Glycyldehydrophenylaianine is hjdro- 
lyzed at a considerably slower rate Chloi oacetyldehydroalanine and 
DL-a-chloropropionyldehydroalanme are hj'^drolyzed in extracts of kidney, 
liver, pancreas, mushroom, yeast, and sweet pea seeds Acetyldehydro- 
alanme is hydrolyzed m extracts of rat kidney and liver, as described 
earlier (4), and also to some extent in extracts of mushrooms Neither 
acetyldehydrophenylalamne nor chloroacetyldehydrophenylahnme is hj- 
drolyzed by extracts of any of the tissues studied With kidney digests, 
the rate of hydrolysis of the substrates is apparently similar under both 
aerobic and anaerobic conditions (Table I) 

Dehydropepttdase Activity in Human Serum 

The sera of rats, rabbits, guinea pigs, and man are capable of h>dro- 
lyzing glycyldehydroalanine, and hence possess dehidropeptidase I 
activity (2) These experiments ha\e smce been repeated at a higher 
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pH, With, a shelter period of digestion, and with the melusion of the 
new dehydropeptide, DL-alanyldehydioalanine, as a substiate (Table II) 
Care was taken to secure blood without hemolysis, and the serum obtained 
by centrifugmg the clot was free of hemoglobin The samples weie taken 

Table I 

Suscepiibthlij of Vanous Dehydropepltdes in Rat and in Plant Tissue Extracts* 


Micromoles X 10 substrate hydrolyzed per hr per mg: total N 
percc extract in 


Dehydropeptide 

a 

•a 

U 

> 

>4 

3 

O 

u 

s 

Brain 

Spleen 

Muscle 

Mushrooms 

4-t- 

v> 

« 

to* 

tn 

a 

a 

P 

Sweet pea 
seeds 

DL-Alanyldehydroalanine|l 


52 

722 

220 

412 

58 

750 

35 

360 

401 

Glycyldehydroalamne 


60 

530 

72 

331 

38 

150 

12 

42 

72 

Glycyldehydrophenyl- 


12 

132 

0 

23 

0 

8 

0 

0 

0 

alanine 











Dii-a Chloropropionylde- 

29 

8 

3 

0 

0 

0 

13 

1 

0 

3 

hydroalamnell 











Cloroacetyldehydro- 

Mtllll 

28 

10 

0 

0 

0 

40 

4 

2 

7 

alamne 











Chloroacetyldehydro- 


0 

0 

0 

0 

0 

0 

D 

0 

0 

phenylalanine 
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Acetyldehydroalamne 

IS 

3 

0 

0 

0 

0 

6 


0 

0 

Acetyldehydrophenyl- 


0 

0 

0 

0 

0 

0 

H 

0 

0 

alamne 








H 




* The digests consisted of 1 cc of aqueous tissue extract plus 2 cc of 0 15 m borate 
buffer at pH 8 1, plus 1 cc of either water or 25 micromoles of substrate (50 micro- 
moles of racemic substrates) Hydrolysis is measured in terms of ammoma mtrogen 
above the controls Neither glycine nor glycyJglycine yields ammoma under these 
conditions Solutions of acetyl- and chloroacetyl peptides neutralized with NaOH 
before use DL-Alamne yields no ammoma in digests with kidney under conditions 
used with DL-alanyldehydrolamne, since the extracts were very dilute and the 
periods of digestion very short 

t Identical digests with the various substrates under anaerobic conditions yielded 
practically identical results 
t Fleischmann brand 
§ Kentucky Wonder variety (seeds) 

II Rate calculated on basis of one optical component 

from healthy, young, noimal subjects, two women and foui men, and were 
allowed to stand m the ice chest to clot foi 16 houis befoie use Dehydrm 
peptidase activity was measured by determmmg the ammonia evolved 
ovei the serum controls m digests of the substrates xvith the serum 

Undei the conditions used, DL-alanyldehydroalanme was readily hy- 
drolyzed by all of the samples of serum tested, to nearly 50 per cent ot 
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the susceptible form of the dehydiopeptide The hydiolysis of glycylde- 
hydioalanme and of chloioacetyldehydroalanme is nearly equal, and occurs 
to a much smallei extent than that of alanyldehydioalatune The experi- 
ments desciibed m Table II aie obviously preliminary m natme and 
designed to form the basis of latei , moie extensive studies on the extent of 
the hydiolysis of the dehydropeptides, particularly that of alanjddehy- 
droalanme, m the senim of patients m vaiious disease states 


Table II 

DehydropepHdase Activity tn Human Serum* 


Subject 

Ammonia nitrogen evolved from 

oi-AIanyJdehydfo- 

alamoe 

f Gijcyidehydfo 
ahcme 

ChloroacctyWeby 

droalaniae 


mtcromolcs 

mxcromoUs 

tnxcromoUs 

M L E 

111 ! 

2 0 

1 9 

VP 

10 8 1 

2 0 

2 0 

C D 

14 3 

2 2 

1 9 

M B 

10 5 

2 0 

1 9 

W D 

8 6 

1 9 

1 8 

P M L 

10 8 

2 1 

2 0 


* The digests consisted of 1 cc of serum plus 2 cc of 0 15 v borate buffer at pH 8 1, 
plus 1 cc of either water or 25 micromoles of substrate (50 micromoles of ni. alanyl- 
dehydroalamne) Solutions of chloroacetyldehydroalamne neutralized vntn NaOH 
before use Incubation period 2 hours at 37° No ammoma evolved under these 
conditions from digests of serum with glycine, glycylglycine, or cn-alamne 

DISCUSSION 

Dehydiopeptidase I is one of tlie most ubiquitous and most active of 
mtracellulai enzjmies It is piesent m all animal and plant tissues studied 
(2-4) (Table I) and is particulaily active in tumois (3) About 24 mg of 
glycyldehydioalanme aie hj'^drolyzed pei houi at pH 8 in aqueous extracts 
of lat kidney equivalent to 100 mg of fresh tissue (cf Table I) It appears 
probable from the activity ratios m vauous tissues that on-alanyldehydro- 
alanme may not be a substiate foi dehydiopeptidase I, but rather for some 
closely lelated enzyme In the foui plant tissues studied, DL-alanjldchy- 
droalanme is lij'diolyzed at a consideiabl) fastei rate than is glycyl- 
dehydioalanine (Table I) Foi both substiates the descendmg order of 
hydrolysis late m the vauous tissues is as follows (1) rat tissues, kidney, 
pancieas, spleen, biam, hxei, and muscle, (2) plant tissues, mushrooms, 
sueet pea seeds, bean seeds, and yeast It is possible that glycjldehj- 
drophenylalanme is also hydroij'zed by dehydropeptidase I, but at a 
Considerably slower rate than is either of the aliphatic dehydropeptides 
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acid involves two steps, namely (1) the condensation of the amide with the 
keto acid to form a dehydropeptide, followed by (2) the hydiolysis of the 
latter by dehydiopeptidase to yield the coiiesponding amino acid, ammo- 
nia, and the legeneiated keto acid 

A fouith proposed mechanism is based upon the possibility that not 1 
mole but 2 moles ot amide may condense vith pyiu\'ic acid to yield the 
coiiesponding di(acylamino)piopionic acid Beigmann and Grafe (8), 
Nicolct (26), and Shemm and Heibst (27) had piepaied compounds of this 
tjTie, and noted that, on tieatment with waim glacial acetic acid, 1 mol- 
ecule of amide is libeiated fiom the di(acylamino)propionic acid, leavmg 
the dehydiopeptide On the basis of these obseivations, Gongalves and 
Gieenstein (5, G) piepared Q;,a-di(glyc 3 dammo)piopionic acid and found 
that it was enzymatically hydiolyzed by e\tiacts of lat kidney to jueld a 
ma\imum of 1 mole of ammonia and 1 mole of pyiuvic acid pei mole of 
substiate These lesults weie mtcrpieted m pait as due to an enzymatic 
decomposition of the substiate to glycmamide and glyeyldehydioalamne, 
followed by the hydrolysis of the latter compound (5) 

Furthei knowledge bearing on the possible modes ot origin of the 
dehydropeptides, and of the enzymes which hydiolyze these unsaturated 
substrates, will depend m pait on then isolation, puiification, and cha- 
racterization 


SUAUNUKY 

A method has been described foi^ synthesizmg chloioacetyldehydro- 
alamne and the new peptide, DL-a-chloiopiopionyldehydroalanine, by con- 
densmg the lespective nitiiles with pyiuvic acid in the presence of diy HCl 
gas Fiom these, the corresponding gljmyldehydioalanme and nn-alanyl- 
dehydioalamne were obtained by tieatment with aqueous ammonia 

The ultraviolet absorption spectra aie described for the new dehydro- 
peptides, and foi the dehydiopeptides containing a /3-phenyl group adjacent 
to the double bond, and comparisons diawn with the spectra for the analo- 
gous saturated peptides A spectrophotometiic method for folloinng 
dehydiopeptidase activity when glycyldehydiophenylalanme is used as siib- 
stiate IS described 

The lelative susceptibility to enzymatic hydiolysis by aqueous e\tiacts 
of a wide variety of rat and of plant tissues was studied of the following 
substrates acetyldehydroalanine, chloroacetyldehydioalanme, glycyldehy- 
droalanme, nn-a-chloropropionyldehydroalamne, oL-alanyldehydi oalanme, 
acetyldehydrophenylalanme, chloroacetyldehydiophenylalamne, and gly- 
cyldehydrophenylalanme Only one of the two optical isomeis of w- 
alanyldehydroalanme is hydi olyzed The i ate of hydrolysis of the peptic es 
with a free a-ammo gioup, is, m each tissue, generally highei than tiia 



V E PHICE AND J P GHEENSTEIN 


489 


tion of isomeiic dipeptides and tripeptides of DL-alanme and of DL-leucine 
(19) With kidney homogenates under aeiobic conditions, gljmyl-DL- 
leucine and glycyl-DL-alanine yield ammonia, wheieas nn-leucylglycme and 
DL-alanylglycme do not Of the isomeiic tnpeptides of DL-leucme and 
glycine, namely on-leucylglycylglycme, glycyl-Dn-leucylglycme, and glycyl- 
glycyl-DL-Ieucine, only the last yields ammonia when incubated with 
oxygenated kidney homogenates Thus, onl}"- when the susceptible ammo 
acid m the peptide cham is m a position wheie its a-caiboxyl group is free 
will it yield ammonia, piesumably after oxidative dehydiogenation of the 
a,/S-hydrogen atoms Bergmann and Schleich (1) had shoivn that, whereas 
glycylglycyldehydrophenylalanme was hydrolyzed by dehydropeptidase, 
glycyldehydrophenylalanylglycme was not affected 

The reaction whereby dehydiopeptides may arise by an oxidative a,P 
dehydrogenation of the saturated peptide is 

RCHjfNHilCONHCHfCHjROCOOH + 

RCH,(NHdCONHC(=CHR')COOH ?=iRCHi(NHdCON=C(CH,R'}COOH + HiO 

This reaction, involving the ammo acid moiety of the peptide, is analogous 
to that beheved to occui in the oxidative desammation of the free ammo 
acids, which accoidmg to ICnoop (20), and later Dakin (21) and Bergmann 
and Stern (22), involves the fonnation of the a-imino acid which exists m 
tautomenc equilibrium ivuth the a-aminoaciyhc acid derivative 

RCHjCH(NHj)COOH + iOj -> [RCHjC(==NH)COOH RCH— CfNHjlCOOH' 

> RCHjC(==K))COOPr + NH 

The compounds enclosed in biackets are unstable and have never been 
isolated When, however, such compounds are N-acylated, they are 
entirely stable m water, and are frequently designated dehj dropep tides 

Another mechanism whereby dehydiopeptides may aiise under physio- 
logical conditions is by the enzymatic desulfuration of cjstinc while it is 
in peptide linkage, yielding thereby the correspondmg dehydropeptidc, 
hydrogen sulfide, and sulfur (2) 

A third mechanism whereby dehydiopeptides may arise in vno is based 
Upon the ready tn vitro condensation of amides and pyruvic acid to form 
the coiiespondmg dehydiopeptides (8) (c/ (23)) It v as noted bj Green- 
stem and Carter (24) that the desamidation of glutamine and asparagine 
was considerably increased m liver digests to which pyruvic acid w as added 
Since the reaction occurred at a pH range at uhich glutammase activitj. 
was negligible, and smce the pyruvic acid could be nearly quantitatnelj 
recovered at the end of the experunent (c/ (25)), it v,as suggested that the 
desamidation of glutamine and of asparagme m the presence of P 3 ni\ic 
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acid involves two steps, namely (1) the condensation of the amide with the 
keto acid to form a dehydropeptide, followed by (2) the hydiolysis of the 
latter by dehydiopeptidase to yield the coiiesponding amino acid, ammo- 
nia, and the legeneiated keto acid 

A fouith proposed mechanism is based upon the possibility that not 1 
mole but 2 moles ot amide may condense vith pyiu\'ic acid to yield the 
coiiesponding di(acylamino)piopionic acid Beigmann and Grafe (8), 
Nicolct (26), and Shemin and Heibst (27) had piepaied compounds of this 
tjTie, and noted that, on tieatment with waim glacial acetic acid, 1 mol- 
ecule of amide is hbciated fiom the di(acylamino)propionic acid, leavmg 
the dehydiopeptide On the basis of these obseiwations, Gongalves and 
Gieenstein (5, G) piepared Q;,a-di(glycjdammo)piopionic acid and found 
that it was enzymatically hydiolyzed by e\tiacts of lat kidney to yield a 
ma\imum of 1 mole of ammonia and 1 mole of pyiuvic acid pei mole of 
substiate These lesults weie mtcrpieted m pait as due to an enzymatic 
decomposition of the substiate to glycmamide and glycyldehydioalamne, 
followed by the hydrolysis of the latter compound (5) 

Further knowledge beaiing on the possible modes ot origin of the 
dehydropeptides, and of the enzymes which hydiolyze these unsaturated 
substrates, will depend m pait on then isolation, puiification, and cha- 
racterization 


SUJUUEY 

A method has been described foi^ synthesizmg chloioacetyldehydro- 
alanine and the new peptide, DL-a-chloiopiopionyldehydroalanine, by con- 
densmg the lespective nitiiles with pyiuvic acid in the piesence of diy HCl 
gas Fiom these, the coiiesponding gljmyldehydioalanme and nn-alanyl- 
dehydioalamne were obtained by tieatment with aqueous ammonia 

The ultraviolet absorption spectia aie described for the neu dehydro- 
peptides, and foi the dehydiopeptides containing a /3-phenyl gioup adjacent 
to the double bond, and compaiisons diawn with the spectia for the analo- 
gous saturated peptides A spectrophotometiic method for folloinng 
dehydiopeptidase activity when glycyldehydiophenylalanme is used as siib- 
stiate IS described 

The lelative susceptibility to enzymatic hydiolysis by aqueous e\tiacts 
of a wide variety of rat and of plant tissues was studied of the following 
substrates acetyldehydroalanme, chloroacetyldehydioalanine, glycyldehy- 
droalanme, nn-a-chloropropionyldehydroalanine, oL-alanyldehydi oalanme, 
acetyldehydrophenylalanme, chloroacetyldehydiophenylalanine, and gly- 
cyldehydrophenylalanme Only one of the two optical isomeis of w- 
alanyldehydroalanme is hydi olyzed The i ate of hydrolysis of the peptic es 
with a free a-ammo gioup, is, m each tissue, generally highei than tiia 
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peptides lacking this gioup, while the presence of a jS-phenyl group in the 
molecule of the substiate e\erts in geneial a retarding effect on the dehydro- 
peptidase 

Human semm leadily hydrolyzes DU-alanyldehydroalanine and, to a 
lesser degree, glycyldehydroalanine and chloi oacetyldehydroalanine 
Possible modes of biological origin of the substrates foi deliydropeptidases 
are described 
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THE IN VITRO METABOLISM OF A-*-ANDROSTENEDIONE-3 , 17 
TO TESTOSTERONE, czs-TESTOSTERONE, AND SEVERAL 
UNIDENTIFIED STEROIDS* 

By LELAND C CLARK, Jk , CHARLES D KOCHAKUN, 

ANB JULIA LOBOTSICY 

(From the Department of Physiology and Vital Economics, School of Medicine and 
Dentistry, The University of Rochester, Rochester, New York.) 

(Received for publication, July 14, 1947) 

It has been demonstiated m tins laboratoij’^ (1) that A^-andiostenedione- 
3 , 17, cis-testosterone, and small amount of other unidentified steroids are 
formed when testosterone is incubated with liver slices In order to eluci- 
date furthei the course of the metabolism of these steioids, 2000 mg of 
A*-androstenedione-3 , 17, the chief metabolite of testosterone (1), has been 
incubated m lots of 100 mg per 10 gm of livei slices with sterile precautions 
The proceduie, gross extinction, and fractionation were identical to those 
employed in the first study 


Results 

The ketomc fraction (Table I) weighed 1855 mg , indicating that about 
17 per cent^ of the added A''-androstenedione-3 , 17 had been conxeited to 
either non-ketonio steroids or unrecoverable compounds Bioassay of this 
fraction by the rat method of Kochakian (2) show'ed a 129 per cent increase 
m androgenic activity, indicating that some of the A'-androstenedione-3, 17 
had been metabolized to a biologically more active ketosteioid or keto- 
steioids This mateiial was sepaiated into non-hydroxy and hydroxy 
ketones by treatment noth succmic anhydride The non-hydroxy ketomc 
fraction yielded 935 mg of pure A-‘-andiostenedione-3 , 17, oi only 47 per 
cent of the added substrate (Table I) No other steroids could be isolated 
from the residues, although etiochoIanedione-3 , 17 or etioallocholanedione- 
3 , 17 (androstanedione-3 , 17) oi both might be expected to be present if the 
double bond of Ring A w^as reduced 

* This investigation was supported by grants (to C D K ) from tbe Conunitteo on 
Research in Endocrinology of the National Research Council 

The data in this paper were taken from a thesis presented bj Leland C Clark, Jr , 
to the Graduate School of The University of Rochester m partial fulfilment of the 
requirements for the degree of Doctor of Philosophi, October, 1944 

Presented before the Division of Biological Chemistry of the \mencan Chemical 
Society at New York, September, 1944 

I'Phe crude ketomc material contains about 10 per cent of non steroid impuri- 
ties (c/ (D) 
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The non-ketomc fi action yielded a laige amount, 715 mg , of cholesterol 
and also a veiy small amount, 3 mg , of a compound which melted at 215- 
216 5° and possessed a 17(a)-hydio\yl gioup as indicated by coloi tests (4) 
The aqueous material remaining after the extinction of the oiigmal e\- 
tiacts with benzene and ethei was extiacted with ethyl acetate, the impuie 
material, 158 mg , showed no audiogenic activity m the castrated lat (2), 
but gave a positive glucuronic acid test with Tollens’ leagent, a positive 
Zimmermann reaction (5), a negative Pincus leaction (6), and a positive 
color test for the A^-3-hydio\yl group (7), which suggest the presence of a 
compound resembling dehydroisoandiosterone glucuionide No crystal- 
Ime substance could be isolated 

In order to be sure that theie was complete removal of androgens from 
the phospholipide fraction, a bioassay on the lat was performed The 
results were negative 

The above isolation procedures were repeated on a micro scale with the 
use of only 80 mg of A^-androstenedione-3 , 17 for the incubation The 
chief metabolites, testosterone and m-testosteione, and A^-androstenedi- 
one-3,17 were recovered in approximately the same proportions as with the 
use of the larger amounts of substrate 

DISCUSSION 

Contrary to expectation, A^-androstenedione-3 , 17 apparently is not an 
intermediate in the conversion of testosterone by the rabbit liver to less 
active androgens, e g androsterone Indeed, the leveise seems to be the 
route of choice, A'*-androstenedione-3 , 17 is converted more readily to a 
highly active androgen, testosterone, than to any othei identifiable steroid 
The isolation of czs-testosteione as v»eU as testosterone in the same 
amount formed and recovered after the incubation of testosterone with 
rabbit liver slices (1) indicates that during the reduction of the 17-keto 
group, both 17(a)- and 17(/3)-hydroxyI compounds are formed, but the 
former m much gi eater amounts than the latter Furthermore, the testos- 
terone “recovered” in the pievious study contained some testosteione newlj 
formed from the reduction of its metabohte, A'‘-3ndiostenedione-'3 , 17 
The isolation of only compounds which were formed by the alteration of 
the 17-keto group suggests that tins position m A^-androstenedione-3, 17 a;> 
w’ell as in testosteione (1) is most susceptible to the oxidation-reduction 
enzymes of the rabbit liver It must be home in mind, how ever, that con- 
siderable material was unaccounted foi, about 20 per cent, which maj’’ be 
indicative of highly degraded material Furthermore, variations in pro- 
cedure, e g amounts of substrate, time of incubation, pH, etc , m ly alter 
the equilibrium and possibly reveal other metabolites 

The rapidity with which rabbit liver metabolizes androgens, onl\ 2 5 
hours, and the multiphcity of compounds formed strongly suggest that tiic 
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multiple reactions (c/ (8, 9)) obtamed by the administration of a steroid 
hormone are dependent upon the number and nature of the metabohtes 
formed by the liver and other tissues Thus, any derangement m hver 
function would greatly alter the response ehcited by a given steroid 

BXPERniENTAL^^ 

Recovery of ^‘-Andioslenediotie-S ,17 fwin Non-Hydroxy Ketonxc Fraction 
— The non-hydro\y ketomc fraction, 1130 mg , uas cry staUized from ether- 
acetone and pentane to give 763 mg of A'*-androstenedione-3,17, mp 
168—169° A mixed meltmg point with authentic A'^-androstenedione-S,!? 
showed no depiession 

AnoZj/sts— CijHniOi Calculated, C 79 08, H 9 15, found, C 79 70, H 9 09 

The dioxirae melted at 141-143° and showed no depression when maed 
ivith an authentic sample of A'‘-androstenedione-3,l7 diovune, mp 
142-143° 

A thorough search of the remainmg non-hydro\y fraction for other ke- 
tonic steroids was made by chromatographic sepaiation of the combined 
mother liquoi lesidue on Brockmann’s alummum oxide An additional 
167 mg of A''-androstenedione-3 , 17 were isolated, but no other compounds 
could be found The total amount of A''-androstenedione-3,l7 recovered 
was 935 mg 

Fi actional Hydrolysis of Succinates and Chromatographic Separation 
of Hydroxy Ketomc Steroids 

Potassium Bicarbonate Hydrolysis — The hydroxy ketomc succinates, 861 
mg , on hydrolysis with potassium bicaibonate (3) yielded a yellow oil, 221 
mg , which was chromatographed by the magnesium sihcate-Cehte pio- 
ceduie (1) ’ 

Fractions 1 to 10, 18 5 mg , gave negative color tests and resisted at- 
tempts at crystallization 

’ The steroids used in this study were provided by Ciba Pharmaceutical Products, 

^ Equal parts by weightofmagnesiumsihcateand Celite No 503 We are indebted 
to Dr K Dobriner for acquainting us with this adsorbent 

* All of the melting points v>ere determined with Anschhtz thermometers on m 
electrically heated aluminum block (unpublished) placed under a microscope Cali- 
bration of the apparatus with standard substances indicated that true values were 
obtained as used 

‘All analytical samples were dned over phosphorus pentoxide m va(^o ac i 
The carbon and hydrogen determinations were made by the micromethod by ur 
Ketcham, Research Laboratories, Eastman Kodak Company 
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Eluates 12, 13, and 14, 127 3 mg , gave positive 17-hydro\yl tests, with 
the strong red fluorescence chaiacteiistic of testosterone These three 
fractions, therefore, were pooled and recrystalhzed from methanol-water to 
give 87 mg of crystals, m p 150-152°, a mi\ed melting point with testos- 
terone showed no depression 

Eluate 22, 7 0 mg , gave a positive Zimmermann test and negative 17- 
hydroxyl and 170)-hydro\yl tests Recrystallization from dilute metha- 
nol yielded about 1 mg of clean platelets which gradually changed to needles 
at 135-140°, giving a “pincushion” appearance, the needles melted sharply 
at 194 5-195 5° The amount isolated was too small for characterization 
(Compound B) 

Eluate 11, 7 7 rag , Eluates 15 to 21, 82 8 mg , and Eluate 23, 7 2 mg , 
gave a violet or broivn-violet color m the Zimmermann test (5), a positive 
17-hydro\yl test, and a negative 17(y3)-hydroxyl test (4), which mdicated 
the presence of some testosterone Attempts at crystallization failed 
These fractions, therefoie, weie pooled, dissolved in 12 ml of benzene, 
diluted Avith 6 ml of pentane, and adsorbed on a 12 X 35 mm column of 
alummum oxide (Brockmann) The column was eluted mth benzene, 
benzene contaming mcreasmg amounts of methanol, and finally methanol 
The first two eluates, 8 7 mg , gave negative color tests and could not be 
crystaUized, they weie discarded Eluate 3, 13 1 mg , gave color reactions 
typical of a 17-ketosteroid (5) and similar to that of dehydroisoandiosterone 
(7) On recrystallization from methanol, 3 mg of crystals (Compound A, 
Table I) were obtained which melted at 82-85°, resolidified, and remelted at 
143-149° Mixed raeltmg points wnth dehydroisoandrosterone and also 
etiocholanol-3(a)-one-l7, however, showed sharp depressions 
Eluates 4 to 15, 46 7 mg , yielded on fractional crystallization a total of 
28 mg of crystallme matenal, m p 142-152°, a mixed melting point with 
testosterone showed no depressions 

Eluates 16 and 17, 6 1 mg , as well as Eluates 18, 19, and 20, 122 1 mg , 
were treated separately because of the very strong violet-colored Zimraer- 
mann reaction The negative Pincus test (6) indicated the absence of 
androsterone or its isomers Crystallme material could not be obtained 
Eluate 21, 7 8 mg , an oil in nhich crystals slowly developed, slioued i 
positive 17-hydroxyl test and a negative 17(/3)-hvdroxyI test The oil nas 
removed by washmg with acetone and the crystals, 2 5 mg , nere recrystal- 
lized from ether m which they nere only slightly soluble The substance, 
Compound C, apparently a l7(a)-hydroxy ketone, melted at 206-211° 

The remammg eluates, Nos 22 to 30, 19 1 mg , could not be crjstaUized 
A total of 115 mg of testosterone and trace amounts of Compounds A, 
B, and C were isolated from the 224 mg of hydroxy ketones, indicating a 
considerable loss of material 
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Potassium Hydroxide Saponification of Succinates of Hydroxy Ketonic 
Fi action ^The succinates, 495 mg , which had not been hydrolyzed ivith 
potassium bicaibonate weie hydiolyzed with 5 per cent potassium hy- 
dioAide (3) to yield 234 mg of a yellow resin-hke material The aqueous 
fi action containing the unhydrolyzed succinates and impurities, upon 
acidification, extinction, and evaporation yielded 76 mg of a yellow oil 
The hydroxy ketones, 234 mg , weie dissolved in benzene and adsorbed on 
10 gm of magnesium silicate-Celite m a column 24 X 11 mm and eluted 
( 1 ) 

Eluates 1 thiough G, 11 6 mg , could not be ciystallized and gave negative 
coloi tests 

Eluate 7, 5 0 mg , gave a violet Zimmeimann reaction and responded in 
the Dii'seheil and Zilhken test (7) and the Pincus test (6) as dehydroiso- 
andiostoione, but ciystalline mateiial could not be obtained In the color 
responses it resembled Compound A described previously (Compound A-3) 

Eluates 8, 9, and 10, 108 1 mg , weie apparently a mixture of testosterone, 
cis-testosteione, and an unknown 17-ketosteroid and were pooled for read- 
soiption (see below) 

Fractions 11 through 13, G4 5 mg , w'eie pooled and recrystallized from 
dilute methanol, givmg 50 mg of white needles melting at 151° A mixed 
melting point wuth testosteione show'ed no depression 

Analysts— Calculated, C 79 17, H 9 72, found, C 79 21, H 9 52 

The benzoate melted at 185-190° and on mixture with testosterone 
benzoate (m p 192-193°) melted at 190 5-192° 

Fractions 14 thiough 19, G1 4 rag , and Fractions 21 through 23, 8 8 mg , 
apparently mixtures, w'eie pooled foi lechiomatogiaphmg on aluminum 
oxide 

Fraction 20, 5 5 mg , yielded 2 mg of platelets when recrystalhzed from 
acetone, which changed to needles at 145-150° and melted at 198-203 
This compound. No B-2, seemed to be identical with Compound B 

<jhi omatogi aphic Sepaiation of Ft actions 8, 9, and 10 — Fi actions 8, 9, and 
10 were pooled and chromatographed (10) 

Eluate 1,0 9 mg , wms discarded Eluates 2 and 3, 10 2 mg , gave an 
impure product when ciystallization procedures weie used It sintered at 
48-53° and finally melted at 124-142° In the color tests used it appeared 
to be identical wuth Compound A (Table I) It could not be further char- 
acterized (Compound A-2) ii np 

Fiom Eluates 4 through 10, 76 3 mg , weie obtained 63 mg of crystalim 
material, m p 147-150°, which did not depress the melting point of testos- 

tcroii© 

Eluates 11 to 18, 11 4 mg , which on the basis of the color tests were 
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expected to yield czs-testosteione, gave 5 5 mg of crystals from dilute meth- 
anol, m p 219-221° The acetate melted at 109-111° and showed no de- 
pression when mixed with an authentic sample of czs-testosterone acetate 

Anahjsis~C iHjoO, Calculated, C 76 12, H 9 1, found, C 75 97, H 8 85 

Eluates 19 and 20, 1 8 mg , faded to yield crystallme material 

Chromatographic Separahon of Fractions U to 19 and 21 and 22 — ^The resi- 
dues, 78 mg , fiom Eluates 14 to 19 and 21 and 22 were adsorbed on alumi- 
num oxide in the marmei described above (10) An additional 2 mg of 
testosteione and 1 5 mg of a strongly adsorbed compound meltmg at 
199-209° were obtamed The latter. Compound C-2, appeared to be iden- 
tical with Compound C previously described 

Non-Ketomc Fraction 

Saponification — The non-ketonic fraction, 6318 mg , on hydrolysis mth 
methanohc potassium hydroxide yielded 1185 mg of neutral and 4720 mg 
of acidic materials The lattei was not mvestigated 

Chromatographic Analysis of Neutral Fraction — The neutial material, 
1185 mg , was subjected to chromatographic analysis with the magnesium 
sihcate-Cehte pioceduie 

A total of 715 mg of cholesterol was isolated from Eluates 8 to 17 It 
melted at 147-148° and did not depress the meltmg pomt of an authentic 
sample of cholesterol 

Eluates 25 and 26, 24 4 mg , gave a positive test for the 17-hydioxyl 
group and a blue-green Pmcus reaction Smce crystallme material could 
not be obtamed by various procedures, it was subjected to chromatographic 
separation on alummum oxide One of the fractions yielded a few mg of a 
crystallme substance which melted at 180-192° It was recrystalhzed 
several times fiom dilute acetone to yield 3 mg of a clean product which 
melted at 215-216 5° The ciystallme material gave a strong positive 17- 
hydroxyl test and a negative 17(/3)-hydroxyl test, indicatmg the presence of 
the 17 (a) -hydroxyl group A mixed meltmg point with androstanediol- 
3(a),17(a;) (m p 220-222°) showed a 50° depression Androstanediol- 
3(/3),17 (q:), mp 164-168°, and A®-androstenediol-3(^), 17(a), m p 179 8- 
181 4°, melt below that of the isolated compound The remaming possible 
17-hydioxy steroids (etiocholanediol-3(a), 17(a), isolated by Butenandt 
et al (11) from mine) and etiocholanediol-3(/3), 17(a) nere not a\ailable 
for comparison 

The other eluates did not yield crystallme material and ga\e negative 
tests for the 17-hydioxyl group, but sev^eral fractions eluted after choles- 
terol gave weak blue to blue-green colors m the Pmcus test 
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SUMMARY 

Incubation of a suspension of 2 gm of A'*-androstenedione-3 , 17 in a serum- 
buffer mixtuie with surviving labbit livei slices for 2 5 hours at 37“ resulted 
in the conveision of appioMmately half of the substrate to hydroxy ketomc 
steroids and a 129 pei cent increase in androgenic activity (rat test) The 
majoi products isolated from the hydroxy ketomc fraction weie 230 mg of 
testosterone and 5 5 mg (11 4 mg of crude) of cis-testosterone Three 
other hydioxy ketomc compounds were isolated in small amounts and par- 
tially identified A small amount of a 17(a)-hydroxyl compound was 
isolated from the non-ketomc fraction Approximately 17 per cent of the 
A-'-androstenedione-S, 17 could not be accounted for, and considerable 
material was lost in the many manipulative procedures necessary to isolate 
the pure compounds 
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A COLORIMETRIC METHOD FOR THE DETERMINATION OF 
THE PROTEOLYTIC ACTIVITY OF DUODENAL JUICE 

By JESSE CHAE.NEY and RUDOLPH M TOMARELLI 

(From the Wyeth Institute of Ap-plied Biochemistry, and the Nutritional Service, 
University of Pennsylvania Hospital, Philadelphia) 

(Received for publication, August 23, 1947) 

The coupling of diazotized aryl amines with protems m alkahne solution 
yield chromophonc piotem derivatives Digestion of a solution of such 
azoprotems ivith proteolytic enz 3 anes results m the formation of coloied 
components soluble m trichloroacetic acid The mtensity of the color m 
the trichloroacetic acid filtrate of the digested substrate is a function of the 
proteolytic activity of the enz 3 me solution and serves as the basis for the 
method here described 


EXPERIMENTAL 

Preparation of Sulfamlamide-Azocasein — Solution A, 50 gm of re- 
precipitated, fat-free casern aie dissolved with stirrmg m 1 liter of water 
contammg 10 gm of NaHCOa Solution R, 5 0 gm of sulfanilamide are 
dissolved m 200 ml of HaO contammg 6 0 ml of 5 0 n NaOH 2 20 gm 
of NaNOa are added To the stirred solution 18 0 ml of 5 n HCl are added 
and stirnng is contmued for 2 mmutes 18 0 ml of 5 N NaOH are then 
added, the solution is stirred and added at once, with stirnng, to Solution A 

The azoprotem is piecipitated by acidification to pH 4 5, washed with 
water and alcohol, and air-dried 

The azocasem is a red-orange compound with an absorption maximum at 
440 mp (Fig 1) 

Substrate Solution — A stock solution of the substrate contammg 25 mg 
of azocasem and 5 mg of sodium bicarbonate per ml is prepared by dis- 
solvmg 2 50 gm of azoprotem m 50 ml of 1 0 per cent NaHCOj at 60° w ith 
stirrmg The pH is adjusted to 8 3 and the solution diluted to 100 ml w ith 
distilled H 2 O The stock solution is stored at 0° 

Duodenal Juice — ^The specimens are centrifuged at about 1500 r p m 
for lOmmutes and the sample taken from the relatively homogeneous middle 
layer 1 ml of sample is diluted to 100 ml with bicarbonate buffer (5 mg 
per ml ) , pH 8 3 

Procedure 

Each determmation is set up m duphcate The flask contammg the sub- 
strate solution and a rack with the proper number of tubes are placed m a 
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water bath set at 38° After the substrate solutiou has reached bath tem- 
perature, 1 ml IS pipetted mto each of the tubes 1 ml of the diluted duo- 
denal juice IS then added to the tubes contaimng the substrate A substrate 
blank is piepared by substituting 1 ml of bicarbonate buffer foi the test 
sample At the end of 30 mmutes the digestion is stopped and undigested 
azopiotem precipitated from the solution by the addition of 8 ml of 5 per 
cent trichloroacetic acid to each tube, including the substrate blank tubes 
The contents of each tube aie filtered through paper To a 5 ml ahquot of 
the filtrate are added 5 ml of approximately 0 5 n NaOH and the color 
13 read on an Evelyn photoelectric colorimeter -with the No 440 filter No 
fadmg of the color has been observed for at least 2 hours 



Fio 1 Absorption curve o£ aulfauilanude-azocasem (0 25 mg per ml ) 

It has not been found necesaiy to run a blank on the enzyme solution, 
after the total dilution of 1 2000 and treatment with trichloroacetic acid, 
even the darkest samples have always shown 100 per cent light transmission 

Calculattotis 

The enzymatic hydrolysis of a piotein is a first ordei reaction, the velocity 
constant of which is expressed by the equation 

1 Cl 

ii:=-231og- 

where Ci and Cj are mitial and final protem concentrations respectively 
after t mmutes of digestion 
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Since the coloi-concentiation relationship of sulfanilamide-azocasein 
and its digestion products obeys Beer’s law, optical density values may be 
substituted foi C values The mitial concentration, Ci, is determmed by 
addmgoml of 0 5 n NaOH to a 5ml aliquot of a 1 200 dilution of the sub- 
strate and then readmg the coloi of the final solution The Ca value is 
determined by subtractmg the optical density of the tnchloioacetic acid 
filtrate from the C\ value This is permissible, since a solution of azo- 
casem which is completely digested (no trichloroacetic acid piecipitate) 
has the same color intensity as an undigested sample 


Table I 

Sample Calculation of K Values 


Tube 

No 


Per 

cent 

trans 

mission 

Optical 

density 

Corrected for blank (d) 

^ 1 
Oo 

tN 

OV 

Log 

Cl 

c. 


1 

Substrate blank 

92 

0 0362 





2 

a it 

92 

0 0362 





3 

Duodenal Juice 1 

58’ 

0 2328 

0 1966 

5 723 

0 0147 

11 3 

4 

(( << 

57’ 

0 2384 

0 2022 

5 718 

0 0151 

11 G 

5 

Duodenal Juice 2 

71’ 

0 1442 

0 1080 

5 812 

0 0080 

6 1 

6 

ti n 

73 

0 1367 

0 1005 

5 819 

0 0079 

6 1 

7 

Undigested substrate* 

50’ 

0 295 

(5 900)* 




8 

a it 

50 

0 297 

(5 940) 








(5 920 Average) 





*The undigested substrate must be diluted 20 tunes more than the filtrate samples 
to be readable in the colorimeter, therefore, the optical density must be multiplied 
by 20 to yield the Ci value 


The velocity constant is calculated foi the diluted solution and multiplied 
by the dilution factoi to obtam the leaction constant for the undiluted juice 
A sample of the calculations appeals in Table I 

In these calculations the blank value has been subti acted from the optical 
densities of the filtiates only to show the magmtude of the blanks In 
practice, the instrument is set to 100 pei cent transmission intli the blank 
With a diiect leading instiument, such as the Ivlett, the calculations are 
simplei still 

Results 

If the enzymatic digestion of the azocasem conforms to the equation for 
a monomolecular reaction, then the velocity constant rather than some 
arbitraiy unit may be used as a measure of enz^mie activity F rom the 
kinetic equation it may be seen that log (Ci/C:) is directly proportional to I 
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That this relation is followed imdei the conditions of the determination is 
shoivn in Fig 2 With two dilutions of duodenal juice, a rectilinear re- 
lationship was found between log (C 1 /C 2 ) and time, t, in minutes 
The velocity constant of an enzyme reaction is a function of enzyme con- 
centration The data plotted in Fig 3 reveal that under the conditions of 
the assay enzyme activity (log (C 1 /C 2 )) is directly proportional to the 



Fig 2 Relationship of log (Ci/Cj) to tune, i 



Fig 3 Relationship of enzyme activity, log ((7i/(7»), to dilution of duodenal juice 

concentiation in the duodenal juice In the 1 50 dilution sample of Fig 3, 
10 pel cent digestion had occuried In othei experiments the direct pro- 
portionality has been shoivn to exist m from 0 to 25 per cent digestion of the 
substrate, thereby peimittmg deteimmations to be made ovei a large range 
of dilutions The direct relationship is especially satisfactory m that it 
permits recalculation to origmal juice strength merely by multiphcation by 
the dilution factor 
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DISCUSSION 

The method described has proved readily adaptable to the routme testing 
of chnical samples It is simple, rapid, and sensitive and confonns to the 
theoretical monomoleculai reaction equation It has shoivn a high order 
of reproducibihty, from the fourteen determmations run to yield the data 
m Fig 2, m which digestion time and enzyme concentiation vere vaiied, 
an average velocity constant of 0 1198 was calculated, with an average 
deviation of ±0 0031 oi ±2 5 per cent A definite advantage of this 
method over many m which suspensions of insoluble substrates are em- 
ployed IS that the digestion is not influenced by particle size Smce the 
color of azocasem follows Beer’s law, optical densities may be substituted 
for protem concentration, thus ehminatmg the necessity for the construc- 
tion of nomographs The color is stable and chromogenic reagents are not 
required for its development Shght variations m substrate concentration 
of the stock solution are of min or significance, smce m each determination 
the substrate concentration is determmed and considered in the calcula- 
tions 

The techmque, m which a chromophoric protein substrate is employed, 
may be extended to the determination of othei proteolytic enzymes 
Sulfanilamide-azocasem is insoluble at acid pH and therefore unsuitable for 
peptic analysis By the proper choice of aryl amme and protein, substrates 
may be prepared which are suitable for proteolytic enzymes m general 
Further mvestigations are now in progress 

SUAIMAEY 

A colorimetric method for the detenmnation of tryptic activitj’’ has been 
presented in which a soluble chromophoric protem substrate, sulfanilamide- 
azocasem, IS employed 

The mciease m color m a trichloroacetic acid filtrate of the digestion 
mixture is a function of enzyme activity 

The enzymatic hydrolysis satisfies the conditions for a monomolecular 
reaction and permits activity to be expressed m terms of the velocity 
constant 




INHIBITORY ACTION OF VITAMIN P COMPOUNDS ON 
HYALURONIDASE 


By J M BEILER and GUSTAV J MARTIN 
(Ero7fi the Research Laboratories, The National Drug Company, Philadelphia) 

(Received for publication, August 16, 1947) 

In 1936 Szent-Gyorgyi and coworkers (1) described the isolation of a 
mateiial which was capable of increasing capillary resistance in man, and 
which they called citrm or vitamm P Subsequent work has shown that 
many substances have this pioperty, and vitamin P activity has been 
attributed variously to flavones, flavanones, and flavonols 
Higby (2) found that crude hesperidm possessed vitamin P activity, 
but that upon puiification it became inactive He attributed the activity 
of the ciude piepaiations to the piesence of hesperidm m soluble form, as 
the chalcone Majovski et al (3) postulated that pure hespeiidin was 
inactive because of its lelative msolubihty Scaiboiough (4), how'evei, 
found that hesperidm, as well as its aglycone hesperetin, w^as active m pure 
form Rutm has been reported to mcrease capillaiy lesistance m man (5), 
as have escuhn and its aglycone esculetm (6) 

The mechamsm by which these and the other known vitamin P sub- 
stances act to increase capillary resistance is unknown, although Lavollay 
(7) has postulated that they function as inhibitors of adienalm oxidation, 
and that adrenahn itself or its fiist oxidation product is the true vitamin P 
It has been suggested that hyaluronidase plays aiole m the maintenance 
of capillaiy strength Duian-Reynals (8) reported that the permeability 
of the vascular system could be inci eased by preparations rich in hyal- 
uromdase Moie recently hyaluronidase has been considered as a factor 
“m accentuatmg capillaiy fragihty rather than in mducmg direct changes 
in capillaiy permeability” (9) The possibihty is thus laised that the 
effect of vitamm P substances in mcreasmg capillary resistance is due to 
an inhibition of the action of hyaluionidase It appeared that an in- 
vestigation of this pomt might beai fruitful results 

EXPERIMEXT U. 

Hyaluromdase was prepared from bull testes by the method of Ivass and 
Seastone (10) Ihe hyaluiomc acid used was prepared from bovme \ itre- 
ous humor by the method of Seastone (11) The estimation of hyaluroni- 
dase activity w'as performed tmbidimetrically (11) 

Foi each assay tw o tubes w^ere set up Into one w ere pipetted 1 5 tc 
of a solution of hyaluromc acid in 0 1 M acetate buffer, pH 6 0, plus 0 5 cc 
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of a water solution of the substance whose effect was bemg tested The 
other tube contained 2 0 cc of a solution of the hyaluromdase m buffer 
The two tubes were allowed to stand foi 5 minutes at 37°, and their contents 
were then mixed, the mixture A\as mcubated foi J hour at 37° At the 
end of this time 1 cc of the contents of the tube was pipetted mto a muxture 
of 3 cc of 0 5 M acetate buffer, pH 4 2, and 1 cc of acidified horse serum 
(11) Turbidity was allowed to develop for 4 hour and was then deter- 
mined in the tuibidimeter The readmgs were converted to concentration 
of hyaluromc acid by reference to a standard curve The concentration 
of hyaluronic acid in the reactmg tubes was 0 2 mg per cc , the concen 

Table I 

Inhibitory Action of Vitamin P Compounds on Hyaluromdase 


Per cent inhibition 


Compound 

0 1 mff per cc 

1 mg p«r cc 

0 1 mg per cc 

4" ascorbic acid, 
0 1 mg per cc 

Ascorbic acid 

25 



Diooumarol 

35 



Hesperidm 

0 

0 

0 

“ (purified) 

0 

0 

40 

“ methyl chalcone 

0 

0 

75 

Rutin 

0 

70 

65 

Escuhn 

0 

0 

40 

Esculetm 

0 

0 

50 

4-Methyl esculetm 

0 

0 

55 

Sulfamlamide 

0 

0 


Salicylic acid 

0 

0 

0 

Salicyluric acid 


0 



tration of hyaluromdase was adjusted so as to brmg the final reading to 
the flattest part of the standaid curve 

Controls were run with and mthout hyaluromdase and with and without 
the substance whose effect was bemg tested Results were obtamed m a 
typical experiment by a companson of four tubes, whose contents were as 
follows (1) hyaluromc acid, (2) hyaluromc acid + hyaluromdase, (3) 
hyaluromc acid + hyaluromdase + test substance, (4) hyaluromc acid + 
test substance 

When combmations of substances were tested, additional controls were 

The group of vitamin P substances tested mcluded rutm, hespendin, a 
sample of hesperidm purified by treatment with formamide, hesperidm 
methyl chalcone, escuhn, esculetm, and 4-methyl esculetm Other su - 









J M BEIliBR AND G J MARTIN 


509 


stances tested were ascorbic acid, sabcylic acid, salicyluric acid, sulfa- 
nilamide, and dicoumarol These compounds were tested at concentrations 
of 0 1 and 1 0 mg per cc Several of the vitamm P compounds, notably 
hespeiidm and esculetm, were not completely soluble at the higher con- 
centration and piecipitated during the incubation, setthng to the bottom 
of the tubes In these cases the clear supernatant was pipetted into the 
diluted serum 


Results 

Of the vitamm P substances tested, only rutin showed an inhibitory 
action on hyaluromdase, and this only at high concentrations The only 
compounds possessing activity at the lower concentration were ascorbic 
acid and dicoumarol However, a combmation of ascorbic acid and the 
vitamm P compounds showed a marked potentiation of inhibitory action, 
especially in the case of hespendm methyl chalcone The results are pre- 
sented m Table I 

There was no synergistic effect noted when hespendm methyl chalcone 
was tested m combmation with dicoumarol 

DISCUSSION 

Of the vitamin P substances tested, only rutm showed any effect on 
hyaluromdase, and that only at a relatively high concentration It is 
problematical whether this reaction can be considered to be specific, it may 
well be due to some impurity present m the rutm 

In the presence of ascorbic acid, however, the compounds having vitamin 
P activity manifest a well marked inhibitory action on hyaluromdase It 
appears to be possible that a hyaluromdase-ascoibic acid combmation is 
susceptible to inhibition by these compounds, while hyaluromdase itself 
IS not The inhibitory action of ascorbic acid is not entirely unexpected, 
this compound has long been known as a specific remedy agamst hemor- 
rhagic lesions (12) It seems possible that its action is due to an inhibition 
of hyaluromdase, and that it is two-fold first, a direct inhibition of hyal- 
uromdase, and second a potentiation of the action of vitamm P Because 
they seem to be closely associated in natural products, it is probable that 
a deficiency in ascorbic acid, one of whose symptoms is a marked increase 
m capillary fragihty, mU also be accompamed by a deficiency in vitamin 
P, there may thus be two factors to be considered here 

The fact that crude hespendm showed no activity m the presence of 
ascorbic acid, while the sample of purified hespendm did, is belie\ ed to be 
due merely to a concentiation of the hespendm m punfication The crude 
hespendm contamed a very considerable quantity of impurities, os is e\i- 
denced by the losses m the purification process, the punfied hespendm 
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thus contained more actual hespendin per unit weight than did the crude 
foim 

Hepaun is known to be a specific mlubitor of hyaluiomdase (13) In 
view of this it becomes of inteiest that dicoumaiol, which also functions 
as an anticoagulant in the body, manifests tins piopeity It is a question 
foi speculation wdiether the anticoagulatmg pioperties of these compounds 
aie related to then effect on hyaluiomdase It should be noted that hepa- 
1 in IS a much more specific mlubitor than dicoumarol, oi, indeed, than any 
of the compounds tested, it has been found to give gi eater inlubition at 
veiy much lower concentiations (14) Dicoumaiol showed no synergism 
■when it was tested with hespendin methyl chalcone, indicating that this 
pioperty is pecuhai to ascorbic acid 

Salicylate has been repoi ted to inhibit the spreading effect of India ink 
in labbits injected w'lth hyaluiomdase (15) No inhibition was noted 
with this substance in vitro Furthei, salicyluiic acid, a metabohte of 
sahc)dic acid, w'as found to be without effect No syneigism wns noted 
betw een salicylic acid and ascoi bic acid This suggests that this synergism 
IS Iirmted to compounds having vitamin P activity, although, of course, 
extensive furthei woik is necessary to prove this point 


SUJniARI 

Ascorbic acid and dicoumaiol w'eie found to inhibit the action of hyal- 
uionidase at concentiations of 0 1 mg pei cc Of the other compounds 
tested, only i utin show ed an mhibitoiy action, at a concentration of 1 0 
mg per cc 

Combimng ascoibic acid with the vitamm P substances tested caused a 
maiked potentiation of the mliibitoiy action This wns not tiue of a 
combination of dicoumarol and hesperidm methjd chalcone 
Neithei sahcylic acid noi salicyluiic acid had an inliibitory effect There 
wms no synergism between sahcjdic acid and ascoibic acid 

Sulfamlamide w'as wuthout effect • 
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THE EFFECT OF THYROID ON THE CONVERSION OF 
CAROTENE INTO VITAMIN A* 

Bv R M JOHNSON and C A BAUAIANN 

(F rom the Department of Btochemtslry, College of Agriculture, Vmverstty of 
Wisconsin, Madison) 

(Received for publication, August 23, 1947) 

That the thyroid gland might be involved m the metabolism of carotene 
was first suggested by von Noorden m 1907 when he observed a caro- 
tmemia to be associated with metabolic disturbances (1) Wendt (2) 
noted that patients with Graves’ disease had very low serum vitamm A 
levels, even though their intake of carotene was adequate for normal m- 
dmduals Wohl and Feldman (3) observed that hypothyroid patients 
often showed a poor dark adaptation, and concluded that the thyroid was 
m some way concerned with carotene metabolism Escamilla (4) and 
Mandelbaum et al (5) observed a carotmemia associated wth myxedema, 
and both conditions tended to clear up under treatment with thyroid 
substance 

Laboratory studies have hkewise pomted toward the conclusion that a 
functionmg ths^roid gland is necessary for the animal to convert carotene 
mto vitamm A Kunde (6) observed xerophthalmia m thyroidectomized 
rabbits that had been fed an adequate diet contammg enough carotene to 
satisfy the vitamm A requirement of a normal rabbit Fasold and Heide- 
mann (7) showed that the vitamm A content decreased and the carotene 
content mcreased in milk from thyroidectomized goats Recently Drill 
and Tiuant reported that caiotene failed to prevent xerophthalmia m 
thyroidectomized rats, although preformed vitamm A furnished protection 
agamst these lesions (8) Experiments by Abelm (9), however, suggest 
that thyroxine may affect the metabolism of both carotene and vitamin A 
Gumea pigs rendered hyperthyroid by the administration of thyroxine did 
not metabolize caiotene or store vitamin A as well as did normal annuals 

In the piesent study lats were depleted of vitamm A and at the same 
time brought mto either the hypo- or hyperthyroid state Standard 
apiounts of carotene or vitamm A were then fed, and the storage of vitamin 
A m the livers and kidneys determined chemically 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
penment Station Supported in part by the Research Committee of the Graduate 
School from funds supplied by the Wisconsin Vlumm Research Foundation and the 
Jonathan Bowman Fund for Cancer Research W e are indebted to Dr H P Rusch 
and Dr R W Boutwell of the McArdle Memorial Laboratorj for the Use of their 
metabolism apparatus 
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Procedure 

Gioups of ^Yeanhng Spiague-Dawley rats were fed variations of the 
following diet low m vitamin A casein 18, yeast 8, dextrin 65, salt 4 (10), 
cottonseed oil 5 The conti ol group leccived only this low vitamin A diet 
The other gioups received additional supplements of thiourea, thiouracil, 
or desiccated thyioid A hypothyroid condition was pioducecl either by 
feeding thiouiea mixed m the diet at a level of 0 5 pei cent or by adding 
2-thiouracil to the drmlang watei at a concentiation of 0 1 per cent (11) 
A hyperthyioid state was pioduced by feeding 1 mg of desiccated thyioid 
tissue per gm of body weight per day (12) The dried tissue was sus- 
pended in water and fed by diopper This supplement was prepared 
fresh eveiy 3rd day and stored in a refiigeiator Attempts were also made 
to neutralize the effects of the thiourea and the thiouiacil by the sub- 
cutaneous injection of 5 mg of DL-thyioxine in dilute NaHCOj daily 
This amount permits approximately noimal metabolic activity in young 
thyroidectomized rats (13, 14) The solution injected had a pH of 8 5 
and contained 20 mg of thyi oxine pei ml 

During the fust weeks of the experiment, measurements of the oxygen 
consumption weie made in a modification of the apparatus described by 
Schwabe and Giiffith (15) Unfortunately the apparatus available was 
designed for mice and could no longer be used after the rats exceeded 70 
gra m weight However, the dosages of supplements employed were 
sufficient to maintain states of hypo- or hyperthyioidism foi many weeks, 
according to the data of otheis (16, 17) The piesent experiments lasted 
for about 6 weeks, 4 for the development of avitaminosis A and 2 more 
during which carotene oi vitamin A was admmisteied The supplements 
of the thio compounds oi of thyroid or thyi oxine were continued through- 
out the depletion period and the period of vitamin supplementation 

When the rats ceased to grow and showed incipient ophthahma, two to 
four animals from each group weie killed foi the analysis of vitamm A m 
the livers and kidneys In no case ivas any of the vitamin detected 
Half of each group was then given /?-caiotene, wlule the other half leceived 
vitamin A The /3-car otenp was purified chiomatogiaphically and was 
dissolved m cottonseed (Wefsson) oil at concentrations that furnished the 
desired daily dose in 3 drops of oil, which also contained 0 5 mg of added 
a-tocopherol The vitamm 1 a supplement consisted of the unsaponifiable 
fraction of halibut livei oil! dissolved in cottonseed oil so that 3 drops 
contained the desired daily dose of vitamm A plus 0 5 mg of added «- 
tocopherol 

In a piehminary senes the dosages xveie 20 i u of vitamm A oi 
of /3-carotene per lat daily These amounts of vitamin and provitamin 
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resulted in total average stoies of 21 y of vitamin A in the livei and 
kidneys of the contiol lats leceivmg the halibut oil concentrate and of 67 
7 in those leceiving the /3-caiotene In subsequent senes the dosages 
were changed so that the control groups fed the piovitamm or the vitamin 
would develop approximately equivalent stoies of vitamin A in the liver 
and kidneys The doses fed were 40 y of jS-caiotene or 40 i u of vitamin 
A per rat daily The supplements were fed daily for 15 days and the 
animals were decapitated 24 hours after the last supplement was given 
Livers and kidneys were removed and the oigans analyzed color imetrically 
for vitamin A, as outlined previously (18, 19) 

Results 

The admmistiation of thyroid substance increased oxygen consumption 
about 77 pel cent above that observed in the control animals (Table I), 


T\ble I 

0. Comuniption of Rats in Various Stales of Thyroid Activity 


Diet 

O 2 consum 
per 

iDtiOD, liters per 24 brs 
kilo body eight 1 

A\ crage 

Low Vitamin A 

50 2 

51 1 

43 2* 

Cl 

CO 

“ “ “4-1 mg desiccated thyroid 

per gm body w eight per day 

90 4 

71 3 

94 S 

85 5 

Low vitamin A with 0 5 % thiourea 

33 5 

32 5 

41 5 

35 8 

(t ii ii f\ fT 1 Cf 

05 4" 5 7 

DL-thyroxine per day 

58 1 

59 1 

! 


58 G 

Low vitamin A with 0 1 % thiouracil in 

35 4 

38 S 

38 2 

37 5 

drinking water 

As above + 5 y DL-thyro\ine per day 

51 S 

58 1 

57 8 

55 9 


* Each figure represents three to five measurements taken on an individual 
animal 


wheieas the feeding of tluourea oi thiouracil resulted in average decreases 
in oxygen consumption of 26 and 22 per cent respectively When thy- 
loxme was admimsteied along with the thio compounds, this decrease 
was counteracted and the consumption of oxygen was 16 to 21 per cent 
above that of control rats not receiving either tj'pe of agent 

The conditions producing these changes m basal rate also resulted m 
markedly diffeient growth rates of the rats during both the depletion and 
supplementation periods (Table II) Rats receiving thiourea gained an 
average of only 30 gm during the depletion period Those receiving 
thiouiacil grew approximately as well as the control animals on the low 
vitamm A diet, the gams being 43 and 44 gm respectivelj The differ- 
ences m growth observed in the presence of thiouracil and thiourea are 
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probably due to the fact that a more nearly toxic dose of thiourea was 
used (12) The anunals receivmg thyroid grew at only a slightly slower 
rate than the controls, whereas the addition of thyroxine to the diet of 
rats fed thiourea increased growth somewhat, although the inhibition due 
to the thiourea ivas not completely overcome (Table II) 

Table II 


Storage of Vitamin H in Tissues of Hypo- or Hyperthyroid Rats 
Fed Carotene or Vitamin A 


Diet 

Daily supplement 

o§ 

s 
0 ** 

Average 

depic 

Uoaper 

lod 

weight 

gam 

Average 

supple- 

ment 

period 

weight 

gam 

Mean 
Uver VI 
tamin A 

Mean 

Udney 

vitamin 

A 

Total 

vitanun 

A 

Low Vitamin A 

60 7 (3-carotene* 

3 

Sftt 

81 

gm 

22 


r 

6 3 

T 

67 3 


10 “ 

7 

44 3 

38 8 

1 46 4 

5 9 

52 3 


20 I ti vitamin A* 

3 

90 

32 


8 5 

21 0 


10 “ “ » 

7 

49 4 

48 

33 5 

5 9 

39 4 

Low vitamin A + 1 

60 7 (3 carotene 

3 

29 

22 

110 5 

3 3 

113 8 

mg desiccated 

10 “ “ 

7 

33 3 

37 

89 4 

3 1 

92 5 

thyroid per gm 

20 I u vitamin A 

3 

43 

-8 

7 1 

2 2 

9 3 

body eight per 

40 ** 

7 

41 3 

34 

39 7 

3 5 

43 2 

day 







22 3 

Low vitamin A with 

60 7 ^-carotene 

3 

27 

-8 

21 3 

1 0 

0 5 % thiourea 

40 “ 

4 

26 2 

14 

3 6 

0 93 

4 5 


20 I V vitamin A 

3 

30 

0 

35 4 

1 0 

36 4 


40 “ " 

4 

26 5 

9 2 

52 2 

0 87 

53 1 

Low vitamin A with 

10 7 (3 carotene 

4 

33 7 

37 5 

39 9 

1 9 

41 S 

0 5% thiourea + 

40 I u vitamin A 

4 

26 2 

41 2 



44 8 

5 7 DL-thyroxine 
per day 






IB 

79 
60 1 

Low vitamin A with 

40 7 (3-carotene 

7 

42 8 

12 

0 1 % thiouracil m 

40 I n vitamin A 

8 

42 9 

14 


Efl 

drinking water 







52 4 
550 

As above + 67 dl- 

40 7 ^ carotene 

6 

46 5 

31 5 

SO 1 

2 3 

thyroxine per day 

40 I XT vitamin A 

7 

43 4 

29 

53 

2 0 


* Animals fed supplements of either 60 y of (J-carotene or 20i u of vitamin A per 
day nere obtained from the stock colony and served as prehnunary experiman 
See text 


The gioivth rates of the animals weie even more sensitive to 
thyioid or to the thio compounds durmg the period of supplementa w 
with carotene oi vitamin A than during the period of depletion 
groups fed thiourea or thiouiacil gained an average of only 12 an 
respectively in 15 days, as compared ivith 47 gm for the contro gr 
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The failure to gam weight as a result of feedmg thiourea was completely 
counteracted by thyroxine With thiouracil, however, thyroxine only 
partly overcame the poor growth response The anunals receiving thy- 
roid gained an average of 35 gm m 15 days There was no marked differ- 
ence m the giowth rate of the hypothyioid rats fed jS-carotene and those 
fed vitamm A The animals apparently metabohzed enough of the carotene 
to meet the demands of such growth as was permitted by the state of 
decreased thyioid function There were no eye lesions observed m any of 
the rats receivmg either thiourea or thiouracil Canadell and Valdecasas, 
however, have reported the development of xerophthalmia m rats fed 
carotene and rendered hypothyroid by the feedmg of 2-methylthiouracil 
( 20 ) 

When either 40 i u of vitamm A or 40 y of |3-carotene were fed daily to 
the control ammals, roughly similar amounts of vitamm A accumulated m 
the liver and kidneys (total stores of 52 3 and 39 4 y respectively, Table 
II) The hyperthyroid rats fed vitamm A stored a similar amount, 
43 2 y, but when such rats were given /3-carotene, the storage of vitamm 
A was sigmficantly greater than that m the control rats Individual 
ammals stored up to 130 y of vitamm A, and the average storage m the 
hyperth 3 Toid rats fed carotene was 92 5 y 

The opposite effect was seen when the thjToid function was depressed 
by the admmistration of the thiourea and thiouracil Such rats contamed 
very little vitamm A as a result of feedmg /3-carotene, 4 5 and 7 9 y for 
thiouiea and thiouracil respectively, as compaied to 52 3 y m the control 
rats That the hvers and kidneys of such rats were still capable of storing 
available vitamm A was demonstrated by the compaiatively high amounts 
of the vitamm found when the piefoimed vitamm had been fed along with 
the thio compounds, 53 1 and 60 1 y for thiourea and thiouracil respec- 
tively Thus it appeared that the chief effect of an altered thyroid metab- 
olism was upon the amount of vitamm A formed from carotene rather 
than upon the efficiency with which vitamm A was retained m the body 

Inasmuch as the hypothyroidism m the precedmg experiments had 
been induced by drugs, it appeared desirable to determine whether the 
effects on vitamm A storage were a result primarily of the unpairment of 
thyroid function or were due to some other pharmacological action of 
these compounds Accordmgly, sufficient thyroxine was administered to 
some of the ammals receivmg thiourea or thiouracil to approximate as 
nearly as possible a state of normal thyroid activity When the hypo- 
thyroid condition was thus overcome, the animals fed d-carotene stored 
approximately the same amount of vitamin A as the control groups, 
41 8 and 52 4 y, as compared with 39 4 y (Table I) The decreased con- 
version of carotene to vitamm A noted previously m rats fed thiourea and 
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thiouracil was therefore attributed to depressed thjToid function per se 
rather than to some extraneous effect of the compounds Thej did, 
however, exert a specific effect that was not corrected with thjroxme 
The amounts of vitamm A found in the kidnej s u ere alu aj s very lov m 
rats fed either of the thio compounds (Table II) This effect uas seen 
whether /3-carotene or vitamm A uas fed, and it iias not altered by the 
administration of thyroxme 

The question arose whether the observed effect of thyroid upon carotene 
metabolism Mas due to an mcreased basal metabohc rate or uhether a 
more specific effect of thyroid uas involved 2,4-Dimtrophenol gnen 
orally or parenterally has been shoivn by several ivorkers to produce an 
mcreased basal metabolic rate m experimental animals (21-23), although 
m many other respects its effects differ from those of the thyroid gland 


T\ble III 


Conversion oj Carotene into Vitamin d by Rais Injected 
with Dintlrophenol (DA’P) 


1 

Lo-v Mtanun A diet plus ■ 

No of rats 

Mmq body stores of viUmui A 
m bv er sod k^dQe> 

40 7 /3 carotene per day 

■ 

7 

43 1 (29 9-iS2)* 

40 1 ti vitamin A per daj 


54 1 (45 4-64 1) 

40 7 /3-carotene 4- 15 nig DNP per kilo bodj 
weight per day 

■ 

40 (28 0-45 3) 

40 I TJ vitamin A -f 15 mg DXP per kilo bodj 
weight per daj 

■ 

45 4 (40 2-59 S) 


* The figures m parentheses are the ranges of values within the group 


(24) It thus offers a means of stud3'mg carotene metabolism imder the 
influence of an mcreased metabolism, but m ithout all of the general altera- 
tions that accompany an increase m the thjToid principle 

Accordmgly, an experiment smiilar to those previouslj’’ described 
conducted mth ueanlmg rats from our stock colony One group sen 

as controls, the othei group received a single daily subcutaneous mjection 
of 6 mg of 2,4:-dmitrophenol per kilo of body iveight durmgthe depletion 
period The dosage ivas mci eased to 15 rag of the drug per kilo of o } 

weight per day during the 15 days of vitamm supplementation 
dosage is m excess of the amount shoivn to brmg about a contmue n- 
metabohc rate of 4-30 to 4-50 per cent (25) The dimtrophenol vm 
dissolved m water with the aid of half its m eight of NaHCOa, prepare ^ ^ 
a concentration such that the desired daily dose Avas admmistere 
to 0 3 ml of solution WTien measurements were made 24 hours a er 
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last injection on lats that had pieviously received daily injections of the 
drug foi 10 to 16 days, the oxygen consumption was 32 pei cent above the 
contiol values The dinitiophenol had no apparent effect on the abihty 
of the ammal to stoie vitamm A (Table III) More interesting, however, 
was the obseivation that the increased metabolic late resulting from 
dimtiophenol injections was not accompanied by an altered carotene me- 
tabolism, as shorvn by the fact that the vitamm A stores m these animals 
were equal to those of control animals fed similai amounts of carotene 
(Table III) These lesults are m line with those of Gieaves and Schmidt 
(26) who lepoited that the administiation of thyioxme to experimental 
animals hastened the depletion of vitamm A leserves, but that dimtro- 
phenol had no such effect 


DISCUSSION 

Numerous authors have suggested that the thyioid gland is mvolved in 
vitamm A metabolism, and the general impression seems to be that the 
admmistiation of thyioxme mci eases the need for the vitamin (10, 26, 27) 
Not all of the evidence, however, is m harmony with this conclusion (28), 
and the present experiments hkewise suggest that the effect of thyroxme 
on preformed vitamin A is relatively minor Rats fed halibut liver oil 
and enough thyroid tissue to mcrease the basal metabolic rate by 77 per 
cent contained at least as much vitamm A as control lats, 42 2 and 39 4 
7 respectively In the presence of the thiourea and thioruacil, on the 
other hand, vitamm A retention was increased somewhat, total storages 
of 53 1 and 60 1 7 vosus 39 4 7 in the controls At least part of this m- 
creased retention, however, appears to be due to the fact that the rats fed 
the thio compounds were smaUei than the controls and hence the standard 
doses of halibut oil fed were concentrated in a smaller amount of tissue 
Unpublished data suggest that for the retention of vitamin A the size of 
the lat IS at least as important as the basal rate 

On the other hand, the administration of desiccated thyroid tissue 
greatly mci eased the amormts of vitamin V stored in the body rrhen 
carotene was fed This increase m storage, m spite of a possibly increased 
requirement for the vitamin, leads to the conclusion that more vitamm A 
IS formed from carotene m the piesencc of thyroid than m its absence 
This might be brought about by a better absorption of carotene m the 
hyperthyroid lat or by an effect on the enzyme responsible for the con- 
version of carotene to vitamm A In any event, the rmequal amounts of 
vitamm formed from the same amount of carotene weaken the justification 
for usmg a provitamin as the mtemational standard for vitamin A activ - 
ity In the hypothyroid rat veiy little vitamm A is produced from 0 6 7 
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of /3-caiotene, m the hyperthyioid rat the amount may be twice that 
produced by the normal rat 

The present results seem to parallel the older obseiwations that the 
hveis of human beings suffeiing from hypeithyroidism often show an 
mci eased content of vitamin A Moore reported that m four cases of 
exophthalmic goiter the liver contained 180, 300, 375, and 375 lu of 
vitamin A per gm , as compaied to a median leserve of 220 lu per gm 
foi a large group of cases of accidental death (29) In a survey by Wolff 
(30) the means were 210 foi exophthalmic goiter and 147 for accidental 
death This mciease in the storage of vitamin A m the hyperthyroid 
cases might be expected if the patients weie deriving an appreciable part 
of their vitamin A from carotene 


SUMMARY 

1 Weanlmg rats weie depleted of vitamin A and at the same time were 
rendered either hyperthyioid by feedmg desiccated thyroid tissue, or 
hypothyroid by feedmg thiourea or thiouracil They were then given 
either 40 7 of /3-carotene or 40 i u of vitamm A daily for 15 days, and 
the resulting stores of vitamin A in the hver and kidneys were determined 
colorimetrically 

2 Within the dosage limits employed, the abihty to store preformed 
vitamin A was approximately the same m the hypo- or the hyperthyroid 
rats as in noimal rats 

3 When caiotene was fed, the hyperthyroid animals accumulated 
largei stores of vitamm A than normal rats receivmg equivalent amounts 
of caiotene Rats receivmg thiourea or thiouiacil, on the other hand, 
stored very little vitamm A The aclmmistration of thyroxme neutral- 
ized the effects of both thiourea and thiouiacil, and restored the abihty 
of the ammals to conveit carotene to vitamm A 

4 An increase in metabolic activity as a result of admmistermg 2,4- 
dmitrophenol was not accompamed by an increased rate of conversion of 
carotene mto vitamm A It is therefore suggested that the altered caro- 
tene metabolism associated ivith thyroid dysfunction is not due to changes 
m the basal metabolic rate per se, but is brought about by some other 
physiological action of the thyroid gland 
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INFRA-RED ABSORPTION SPECTRA OF STEROIDS 
IV ADRENAL CORTICAL HORMONES AND RELATED STEROIDS* 

By ROBERT F FURCHGOTT, HARRIS ROSENKRANTZ, and 
EPHRAIM SHORR 

(Frow the Russell Sage Institute of Pathology, the Department of Medicine, 
Cornell Uniiersily Medical College, and The New York Hospital, 

New York) 

(Received for publication, September 3, 1947) 

All but one of the seven steroids studied in the present investigation 
may be classed as ALpregnene derivatives contaimng a conjugated Cs 
ketone, an unconjugated C 20 ketone, and either a hydroxyl or acetyl group 
at Ca The exception is adrenosterone which has a ketone group rather 
than a side chain at C 17 Three of the compounds have a Cu ketone and 
two a Cu hydroxyl group In this, as in previous papers of this senes 
(1-3), the absorption spectra of the compounds undei investigation will 
be discussed m relation to chemical structuie, special attention being 
given to those structural configurations noted above 

Methods 

Absorption spectia were obtamed with the Haidy infra-red spectro" 
photometer, with the use of the techniques employed in Paper I (1) 
All of the compounds were investigated in the form of solid films deposited 
on rock salt plates by methods previously described (1) 

expehuientaD 

The absorption spectia of the foUowmg adrenal cortical hormones and 
related steroids were studied corticosterone (natural and synthetic), 
corticosterone acetate, desoxycorticosterone, desoxycorticosterone acetate 
(Fig 1), 11-dehydrocorticosterone, 17-hydroxy-ll-dehydrocorticosterone, 
and adrenosterone (Fig 2) The spectrum of corticosterone in Fig 1 
was obtamed with a sample isolated from adrenal cortex The spectrum 
obtamed with a sample of sjmthetic corticosterone was identical with that 

* Aided by a grant from the Josiah Macj , Jr , Foundation 

' We wish to express our gratitude to the following for donating crystalline samples 
of the steroids studied in this work. Dr E C Kendall of the May o Clime for natural 
corticosterone (Compound B), corticosterone acetate, adrenosterone, 11-dehydro- 
corticosterone (Compound A), and 17 hydroxy ll-dehydrocorticosterone (Compound 
E) , Dr Erwin Schwenk of the Schering Corporation for desoxy corticosterone and 
desoxycorticosterone acetate, and Dr R T Major of Merck and Company, Inc , 
for synthetic corticosterone 
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of the natural corticosterone with regard to wave-lengths and relative 
intensities of aU absorption bands 

Analysis of Spectra 

0 — H, C — H, and CH 3 Absorption — ^The compounds containing hy- 
droxyl groups give absorption bands as a result of vibration of the 0— H 
linkages at the followmg wave-lengths corticosterone 2 79 n, corticoster- 
one acetate 2 91 p, 11-dehydrocorticosterone 2 90 p, 17-hydroxy-ll- 
dehydrocorticosterone 2 86 p, and desoxycorticosterone 2 87 p These 
wave-lengths are in the same lange m which hydroxyl-containing andro- 
gens and pregnane derivatives were found to give 0 — bands (1, 3) 
(For a discussion of variations m wave-lengths of 0 — bands of steroids 
and the relation of hydiogen bondmg to these variations see Paper I of 
this senes (1) ) 

The fact that corticosterone acetate gives an 0 — band is of interest, 
since at one time there was some uncertamty as to what kmd of “un- 
reactive” group con tamed the 4th oxygen of corticosterone (e g , see the 
review by Kuizenga (4)) Had an infra-red analysis of corticosterone 
acetate been made at the time, it would have been an easy matter to 
classify the "unreactive” group as hydroxyl 

As would be expected from oui previous studies, aU of the spectra show 
a strong Imeai C — H vibration band near 3 35 m They show two bands 
each m the 6 75 to 7 00 g region, which may be ascribed to the angular 
vibration of "aliphatic” G — H Imkages Also, m aU of the spectra, a 
band, which may be ascribed to methyl group vibration, occurs in the 
range 7 19 to 7 25 

C==0 Absorption — ^AU of the compounds under study have a C3 ketone 
conjugated with a A'* double bond, and all give a band at 5 97 to 5 98 
This IS in good agreement with the wave-length of absorption (5 97 p) of 
conjugated C3 ketones encountered m steroids previously studied (1, 3) 

An unconjugated C20 ketone occurs m all of the compounds except 
adrenosterone In a previous study of pregnane deiivatives (3) it was 
found that C20 ketone groups absorb m the range 5 84 to 5 87 ju This is 
further substantiated in the present study by the occurrence of bands m 
this range in the spectra of coiticosterone, corticosterone acetate, des- 
oxycorticosterone, and desoxycorticosterone acetate It will be noted 
that no absorption maxima occur m this range m the spectra of 11-de 
hydrocorticosterone and 17-hydroxy-ll-dehydrocorticosterone However, 
unpubhshed data from our laboratory indicate that in the spectra of these 
two compounds the C20 ketone absorption actually occurs in this wave- 
length range, but is unresolved because of the maskmg effect of the strong 
absorption of the Cu ketone and the conjugated C3 ketone groups whicP 

are also present 
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The absorption band of the unconjugated Cu ketone is seen to occur at 
about 5 79 /I in the spectia of 11-dehydrocorticosterone and 17-hydroxy- 



Wavelength in ^ 

Fig 1 

ll-dehydrocorticosterone This wave-length is significantly higher than 
the wave-lengths (near 5 75 ju) at which unconjugated Cj and Cn ketone 
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groups were reported to give absorption bands (1) However, in the 
spectrum of adrenosterone, the Cn ketone is unresolved, smce the absorp- 
tion bands resultmg from the Cu and C 17 ketone groups merge to give one 
large band with an absorption maximum near 5 7Q fi 



Wavelengt-h in /u. 
Fig 2 


The final type of carbonyl group encountered m the piesent series is 
that of an ester hnkage Such carbonyl groups occur m desoxycorticoster- 
one acetate and corticosterone acetate and produce the bands at 5 73 p in 
the spectra of both of these compounds This is m good agreement witn 
the 5 75 M bands attributed to certain unconjugated ester carbonyls 1 

spectra previously reported (1, 3) , , rlnnble 

G—C Absorptto 7 i—Ail of the steroids under study have a A 
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bond conjugated with a C3 ketone On the basis of our eailier work 
(1, 3), such a conjugated double bond would be expected to give a band of 
medium to stiong intensity neai 6 20 n This band occurs in the spectra 
of adrenosteione (6 19 n), 11-dehydiocoiticosterone (6 19 fi), 17-hydro\y- 
11-dehydiocoiticosterone (6 15 n), desoxycorticosterone (6 21 /x), and 
desoxycoiticosterone acetate (6 21 n) However, the spectra of coiti- 
costerone and coiticosterone acetate dilfei fiom the spectia of the com- 
pounds listed above in that they do not show a single stiong band m the 
conjugated C=C absorption region Corticosteione gives a band of 
medium intensity at 6 07 and one of weak intensity at 6 24 /i, while 
coiticosteione acetate gives a band of medium intensity at 6 05 n and a 
band of weak intensity at 6 31 fi The leason for the variations is not at 
present apparent 

C — 0 Absorptioii — The most commonly occurring C — 0 group in the 
present senes is that of the C21 hydroxyl gioup, which is present in desoxy- 
corticosteione, corticosterone, 11-dehydrocorticosterone, and 17-hydroxy- 
11-dehydrocorticosterone The spectra of all of these compounds show 
a baud of medium to strong mtensity in the nairow lange of 9 28 to 9 32 
M These bands may arise fiom the C — 0 vibration of a C21 hydroxyl 
adjacent to a C20 ketone, howevei, the present experimental evidence for 
this inference is admittedly incomplete Of the four compounds with 
C21 hydroxyls, coiticosterone gives the stiongest absorption band in the 
9 28 to 9 32 fi region This may possibly lesult from a merging of the 
C — 0 absorption of both the Cn and Cxi hydioxyl groups of corticosterone 
Should this be the case, it would follow that the band at 9 27 /x in the 
spectrum of corticosterone acetate arises from the C — 0 absorption of the 
Cii hydroxyl Adrenosterone and desoxycoiticosterone acetate, neithei 
of which has a C21 hydroxyl, give no band m the 9 28 to 9 32 /i legion 

It should be reemphasized that the assignment of wave-length regions 
to absorption by C — 0 hnkages in specific hydroxyl groups is of a tentative 
natuie, but certain possible lelationships have been given above, which 
may seive as a basis for futuie study In the case of the C — 0 of ester 
hnkages, in which the carbon has one double bond attached to it, the 
assignment of absorption bands is on a much firmei basis (1, 3, 5) There 
IS httle doubt that the large bands neai 8 05 in the spectra of corticoster- 
one acetate and desoxycorticosterone acetate arise from the ester C — 0 
hnkages of these compounds 

Other Absorption Bands— In the spectra of A^-androstenedione-3 , 17, 
testosteione, testosterone propionate (1), progesterone (3), and A^-cho- 
lestenone (unpubhshed results), a major absorption band occuis m the region 
11 49 to 11 57 M This band appears to arise from some vibration in 
structural configuration (A), which is common to all of these molecules 
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Since this configuration is present in all the compounds of the present 
series, it is of considerable mterest to mvestigate then: spectia with relation 
to bands in the region around 11 5 /i 


O 

(A) 

The major bands m this region for these compounds are as follows 
desoxycoiticosterone 11 52 /i, desoxycorticosterone acetate 11 42 li, corti- 
costerone 1143 n, corticosterone acetate 1137 jt, 11-dehydrocorticos- 
terone 11 40 n, 17-hydroxy-ll-dehydrocorticosterone 11 40 /i, adrenos- 
terone 11 40 /i It would therefore appear that whenever there is a 
hydroxyl or ketone group at Cn the presence of structural configuration 
(A) gives rise to a band in the region 11 37 to 11 43 [i Desoxycortico- 
sterone, with no oxygen at Cn, gives the band m the 11 49 to 11 57 /t 
region Desoxycorticosterone acetate, however, gives a band at 11 42 ji, 
despite the fact that it has no oxygen at Cu This discrepancy may 
possibly have its explanation in some effect exerted by the acetate group at 
Cji Some evidence for such an effect is obtamed from the fact that the 
band m question m corticosteione acetate (11 37 m) is also shifted to a lower 
wave-length than that given by unacetylated corticosterone (11 43 ji) 

A compaiison of the spectra presented in this paper also reveals that five 
of the compounds give a strong absorption band near 11 These are 
corticosterone (10 99 fi), desoxycorticosteione (11 00 /i), 11-dehydro- 
corticosterone (1103 /i), coi ticosterone acetate (10 92 ft), and desoxy- 
corticosterone acetate (10 96 ft) All of these compounds contain structural 
configuration (B) Adrenosterone and 17-hydroxy-ll-dehydrocorticos- 


HjC— O— 

I 

c=o 

I 

CH 

\i/ \ 

C CHs 

I i 

(B) 

terone, which do not contam configuration (B), do not give a strong band 
near 11 ju It therefore appears likely that this configuration is responsib e 
for the bands mentioned above, which occur m the range of 10 92 to 11 03 ft 



FUKCHGOTT, EOSBNKRA.NTZ, AND SHORE 


529 


SUMMARY 

1 The infra-red absoiption spectra, from 2 to 12 4 (i, of a number of 
adrenal cortical hormones and related steroids have been presented 

2 Cei tain absorption bands in the spectra have been discussed m relation 
to the chemical structure of these compounds 

3 Cu ketone groups give use to a stiong absorption band vuth a maxi- 
mum near 5 79 

4 The spectra of coiticosteroids contaimng the structural configuration 

HjC— 0— 

i 

c=o 

I 

CH 

\l/ \ 

C CH. 

I I 

have a characteristic strong absorption band m the region of 10 92 to 11 03 p 

5 The absorption spectra of natural and synthetic corticosterone are 
identical 
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AN ELKCTROniORETIC STUDY OF TPIE EGG WHITE 
PROTEINS OF V.HIIOUS BIRDS* 

J A B VINt v\D H F DEUTSCH 

(From (ha Departments of Chemistry anil Physiological Chemistry, University 
oj Wisconsin, Madison) 

(HecLi\t(l lor publication, August 1, 1947) 

The ovilbumuib of cluckeiib, tuiLeys, guinea-hens, ducks, and geese 
show \ irying immunological similaiities, although it is possible to dis- 
tinguish the fi\e albumiiib iiith selected seia agamst chicken ovalbumin 
(1) Furthermore, mi\tmes of t\s o albumms, such as guinea-hen and duck , 
o\ albumin, cm be cleailj’’ distinguished electiophoretically (2) 

M irked specificiticb aic shown by the electrophoietic diagiams of the 
blood ''Cium (3) ind pi isma pioteins (4) as well as by the milk whey pio- 
teiiis (5) of \ai toils animals Such pievious findings piompted an m- 
\estigation of the pioteins ol the egg white of a numbei of buds It was 
found that the egg white pioteins of each species can be identified by their 
electrophoretic pioperties, although only lelatively shght differences are 
obseived between species in which previous studies have shown that the 
ovalbumins are closely related immunologically 

EXPERIAIENTAL 

The egg whites of the various species studied were separated as thor- 
oughly as possible from the yolks, extreme care being taken to keep the 
vitellm membrane intact 3 volumes of diethyl barbiturate buffer of 
pH 8 6 and ionic strength of 0 1 were added to the egg white, and the 
solutions w^ere stirred so that all of the clumps were dispeised Small 
amounts of mucous strands and the chalaza w'ere then removed by cen- 
trifugation The deal supernatant solutions were dialyzed from 48 to 
96 hours at 0° against several changes of buffer and w'ere analyzed electro- 
phoietically The duration of the electrophoretic experiments was 10,800 
seconds with a constant potential giachent of betw^een 5 8 and 6 3 volts 
pel cm All analytical measuiements were made on the descendmg pat- 
terns In so fai as it w'^as possible, the various electrophoretic components 
were designated accoidmg to the teimmology used by Longsw^orth, Can- 
nan, and Macinnes (6) foi the chicken 

* This work w-as supported by grants from the Rockefeller Foundation and the 
Wisconsin Alumm Research Foundation 

t Postdoctorate fellow in chemistry Present address, Department of Pharmacol- 
oSYt Umversity of Dlinois College of Medicine, Chicago, Rlinois 
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In. this respect the slowest of the well defined components possessing & 
negative mobihty m tlie buffer used have been termed conalbumins and 
their electrophoretic areas designated as Ci and C- m order of their de- 
creasing mobilities, as is shoivn m Fig 1 for the chicken egg white If 
this area is made up of only one component, it is designated C In many 
of the egg whites examined, there appealed varying amounts of protein 
which migrated between the conalbununs and the salt boundary Such 
slowly migratmg material is mdicated m the electrophoretic diagrams by 
an S In most mstances it is poorly defined electrophoretically and often 
IS closely associated with the salt boundaries For this reason no mobil- 
ities have been given for this area 
The electrophoretic components between the conalbumins and albumins 
have been referred to as globulins and designated as G Included in this 
region is probably the ovomucoid This region was relatively heterogeneous 
electrophoretically m most of the egg whites exammed, and agam no 
mobilities are reported for this area 
The components of higher mobility, which m chicken egg white com- 
prise the major portions of the pioteins and are known to represent the 
albumin, have been designated as A Thus m Fig 1 the areas designated 
as Ai and A 2 represent two albununs closely related in mobility A small 
amount of an electrophoretic component which has a higher mobihty than 
the albumin but resolves well from these protems has been referred to as a 
“fast” component and designated F m this diagram (Fig 1) When 
such protein material was present m any egg white m amounts less than 
1 per cent of the total proteins, its area was mcluded with the albumin 
The chicken, turkey, gumea hen, pheasant, mallard duck, and goose 
showed the presence of small amounts (0 2 to 15 per cent) of a protem 
isoelectric above pH 8 6, and hence wth a positive electrophoretic mobility 
in the buffer used No attempt was made to mclude this component as a 
part of the analytical data Its presence m any noticeable amount is 
indicated by asymmetries in the ascending salt boundary 

The interaction of oppositely charged protein molecules m electropho- 
retic expenments has been noted previously (6-8) In the egg whites 
containmg this protem of high isoelectric point, it is likely that the mobili- 
ties of the proteins having a negative net charge m the buffer used are 
lowered somewhat by mteraction with the above component Longs 
worth, Cannan, and Macinnes (6) have previously referred to this com- 
ponent m the egg white of the chicken as Oi (globulin) 

The marked variations m the electrophoretic patterns of the 
studied make any such nomenclature as the above arbitrary mtil e 
several components have been separated and characterized 
the system of numbermg components used m this study will serve a r 
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cncc function until i sicpArAtion of tlio proteins in these ogg white systems 
Ills been iccomphshed In the discussion of the experimental results, 
the electrophoretic patterns of the various species will be discussed, with 
the chicken pittorn is the basis of compaiison 

Results 

Chicken i}Vhilc Ltghorn ) — The electrophoretic pattern of the egg white 
of this species IS shown in Fig 1 This figure is quite similar m appearance 
to the di igrain obt lined by Longsw'^orth, Cannan, and Macinnes (6) at 
pH S 0, except for the somewhat better resolution that would be expected 
at a higher pll In this and other patterns no attempt has been made 
to designate individual components in the relatively heteiogeneous area 
labeled G (globulins) A small amount of the relatively heterogeneous 



Fia 1 Electrophoretic diagram of chicken egg white proteins 


F component is present Analytical data for all species studied are 
shown in Table I 

Turkey (Bronze ) — ^From Fig 2 it can be seen that the electrophoretic 
components of turkey egg white closely resemble those of the chicken 
The conalbumins have somewhat higher electiophoretic mobilities and 
comprise a smaller per cent of the total egg white protems, as compared 
to those in chicken egg white The area immediately following Cz is, 
however, noticeably different Furthermore the Az and Ai components 
are not as well resolved, and, as showm m Table I, the anal 3 rtical data 
differ somewhat from those for the chicken 

Guinea Hen — ^As seen from Fig 3, this species shows marked deviations 
from the chicken in the electrophoretic diagram of its egg white protems 
As in the case of tuikey egg white, the conalbumins have slightly higher 
mobilities than those of the chicken egg white A larger amount of the 
Cl component is present and the globulin area does not extend over as 
wide a mobility range as the analogous area of chicken egg white A 
much higher ratio of the area Az to Ai is another distmgmshmg feature 
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Pheasant {Rtng-Neck ) — A fuithei depaituie fiom the electrophoretic 
pattern of chicken egg white is shown hy the egg white of this species 
(Fig 4) Thiee piotems of closely related electiic charge occupy the area 

Table I 

Electrophoretic Data for Egg While Proteins of Various Bird Species 

Component 


Chicken 
Turkey 
Guinea hen 
Pheasant 
Goose 

Mallard duck 
Muscovy “ 
American coot 
Black tern 


c, I Ct 



Fig 2 Electrophoretic diagram of turkey egg wlute proteins^ 

possessing the approximate mobihty of ovalbumin The slower of the^ 

three proteins has been designated G, since the other two 

possess electrophoretic mobilities analogous to the Ai and As compone 
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of tlie tlutkon \. I onilliumin uei showing only 'flight electiophoretic 
resolution ind i lugei imounf ol the S component fiuthei distinguishes 
the egg white pioteiiis ot this species Inspection of the anal3d;ical data 
of T dilc I ic\eds this \ mat ion 



Fig 5 Electrophoretic diagram of goose egg white proteins 


Goose (Toulouse)— In Fig 5, the electiophoretic patteins of the egg 
white proteins of the goose reveal a closely lelated complex of proteins in 
the conalbumin aiea The two albumms possess higher mobilities than 
IS the case for the analogous chicken egg w'hite protems In addition, the 
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Ai component is present in largei amounts than the component A 
relatively heterogeneous globulm area which resembles that of turkey 
egg white more closely than that of the chicken further characterizes this 
protem system 

Duck (Mallaid ) — The electrophoietic diagram of the egg white of this 
species (Fig 6) is somewhat similai to that of the goose However, theie 
IS moie of the Ai than of the A« component, and the mateiial designated S 
IS present m laigei amounts than m the egg white systems of the species 
discussed above, making up some 2 5 per cent of the total piotems In 
goose egg white, the A^ component piedominates 



Fig 6 Electrophoretic diagram of mallard duck egg white proteins 



Fig 7 Electrophoretic diagram of muscovy ducL egg white proteins 

Duck (Muscovy ) — The electrophoretic pattern of the egg white of t^ 
species (Fig 7) can be clearly distmguished from its close relative, t e 
mallard duck A larger amount of the heterogeneous S component an 
deviations tendmg toward more homogeneity in the conalbumm an 
albumm areas permit such a differentiation With the e\ception of some 
what higher electrophoretic mobihties the pattern of the albumm an 
globulin areas closely lesembles the analogous protems of tur ey egg 

Coot (Mud Hew)— The electrophoretic diagr^ for the egg 
white of this species is shown m Fig 8 It differs markedly rom e 
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white of tiic other i\atei-lowl studied lu all of the electrophoretic areas, 
particiil irly in the F coinponeut Present in this egg white are three well 
defuicd con ilbumins, two closely related albumins which are present m 
equal imoiints, ind i icl itivcly large and well defined F component The 
albumins h ive m irlvcdlj low’ei mobilities as compared to those found m 
the egg whites of the other w'atci-fow'l, indeed, the F component has an 
electrophoretic mobilitj' more closely related to the ^li than to the F 
component of the egg w’liite of the othci w'ater-fowd 



Fig 8 Electrophoretic diagram of American coot egg white proteins 


A 



Fig 9 Electrophoretic diagram of black tern egg white proteins 


Black Tern — The electrophoietic pattern of the egg white protems of 
the black tern is shown in Fig 9 Two conalbumins are well resolved from 
a relatively heteiogeneous globuhn area which merges with the slower 
moving portion of the albumin area The Ai component of the albumm 
area makes up only a small percentage of these protems and has a mobihty 
analogous to the F component m the egg white piotem systems of the 
GalMormes species (chicken, turkey, guinea hen, and pheasant) Such 
data are repoited m detail m Table I 

Common Pigeon — The electrophoretic pattern of pigeon egg white 
protems (Fig 10) and the patterns of the correspondmg protems of the 
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two types of dove and the English spairow evliibit certain similanties A 
well defined conalbumm is the only featuie of the electiophoietic diagiam 
of the pigeon egg white which is compaiable to that found in the eggs of 
the species shown m Figs 1 to 9 inclusive The aiea designated G is the 
laigest component and is moie oi less meiged with the proteins of higher 
mobility which aie designated as albumin (A) Unlike the pieviously 
discussed species, the egg albumm component of the egg vhite of the 
pigeon does not lesolve into two components as seen fiom Table I, and 
makes up a smallei percentage of the total egg white pioteins A veil 
defined F component is also piesent 




Fig 11 Electrophoretic diagram of unged turtle dove egg white proteins 


Ringed Tuitle-Dove — The electiophoietic pattern of the egg white of 
this species (Fig 11) shows a maiked diffeience fiom that of the closely 
lelated common pigeon (Fig 10) A distinguishmg feature is the lesolu- 
tion of the A component fiom the G area The mobihty of the A com- 
ponent of the egg white of the iing dove appi caches that of the F com- 
ponent of the pigeon No analogous electiophoretic aiea is piesent m 
the egg white pioteins of the img dove 

Hybrid Dove— As judged by electiophoiesis, the egg white of hybiids 
lesultmg fiom the mating of a male imged turtle-dove (St) cplopelia 
nso)ia) and a female oiiental dove (Sliepiopeha oiientahs) shows a maike 
similarity to that of the ring dove Howevei , as seen m Fig 12, an a i- 
tional smaU component designated Ci appears on the shoulder ot tn 



J V lUIN AND H F DEUTSCH 


539 


coniponciit aihI i bcttei icbolution of the G and A regions is evident 
Cert mi of these dilTcicnccb aie levealcd by a comparison of the analytical 
lilt a as ''hown in Table I The eggs of Slicptopelia oiientahs could not 
be obtained, but by mfeieuce it can be assumed that the electiophoietic 
pittcuis of the egg white of this species would show vaiiations fiom the 
111 ilogoub pioteiiis of the iiiig dove 
Enghik Spun ow — The electiophoietic pattern of the egg white piotems 
of this speiics resembles tint of the pigeon quite closely In Fig 13, 
lioucici, it c 111 be seen that the albunun poition of the closely related G 
lie i IS nioie heterogeneous ind is present in smaller amount than is true 



Fig 13 Electrophoretic diagram of English sparrow egg white proteins 


in the case of the pigeon egg white piotein system No attempt has been 
made in Table I to calculate mobilities or peicentage composition of the 
components in this area The conalbumins are made up of two closely 
1 elated pioteins The salt boundaries suggest the presence of protem 
of low or of no net charge 

DISCUSSION 

In this study the egg white piotems of thuieen species of birds belongmg 
to six different phylogenetic oideis weie exanuned electiophoietically A 
characteristic pattern was obtained for each species Theie aie, however, 
gieatei similarities for the species within a given order than for less closely 
related species Thus, the Galliformes have egg white proteins relatively 
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closely related electrophoretically The same is true foi the Ansenformes 
(goose, mallard duck, and muscovy duck) The difference m mobilities of 
the ovalbumms of these two ordeis, as noted by Landsteiner et al (2), with 
absorption methods foi the location of the boundaries, is well illustrated 
m Table I, wheie it can be seen that, while the mobilities of the Ai and A-i 
components of the Galliformes species are identical, the same is not true 
for the Anseriformesi species In the lattei order the analogous albumin 
components have higher electrophoretic mobihties than the coiiesponding 
proteins of the Galliformes and they diffei foi each of the species 
The three members of the order Columbifoimes (common pigeon, nnged 
turtle-dove, and a hybrid of the lattei species) showed marked smiilarities 
m the electiophoietic patterns of their egg white protems, but the group 
as a whole showed patterns of pronounced difference fiom all other species 
studied, with the e\ception of the Enghsh sparrow In this lespect the 
chief points of difference of the Columbifoimes species were the presence 
of a single conalbumm area, a veiy high percentage of the aiea designated 
as globulin, and the presence of a relatively low percentage of albumm 
In the case of the common pigeon this lattei aiea showed poor electro- 
phoretic resolution fiom the globulm area The ringed turtle-dove 
{Stieytopelia nsona) could be distinguished fiom the hybrid of this and 
an oriental species (Slreptopeha onentahs), even though the differences 
iin the electi ophoretic patterns w ere not great Colovos (9) has shovm that 

the sera of the common pigeon and the ring dove can be distinguished 
electrophoretically, although he did not e\amme the sera of the hybrid 
The egg white of the English sparrow (Passeriformes) showed a closer 
electrophoretic resemblance to that of the common pigeon than to any of 
the other species exammed, although the presence of two conalbumms, 
closely related electrophoretically, and a more heterogeneous and closely 
related globulin-albumm area allows one to distinguish these two egg 


white systems easily 

The electrophoretic patterns of the egg whites of the American coot or 
mud hen (Gruiformes) and the black tern (Charadiiiformes) show certain 
similarities to the coriespopdmg diagrams of the Galliformes and Anseii- 
foimes species The conalbumms of these two species are, however, 
better resolved electrophoretically and, m the case of the egg white 
mud hen, thiee well resolved components appear in the diagrams ® 
albumm piotems of the egg white of the mud hen have the lowest electro 


phoretic mobihties of any observed m this study 

Unfortunately, eggs were obtamed foi only one species of the or eis 
Passeriformes, Gruifoimes, and Chaiadriiformes A further study o 
additional species m each of these oi m other orders would al ow 
determme whether similarities such as those noted for the a o 
species are common to other orders as well Such work is being mi la 
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This limited electrophoresis study reveals the same type of species 
specihcitics of egg hite proteins that has been found foi the proteins of 
otliei biologic rl (luids (3-5) The greatest similarities of the electro- 
phoietic prtteriis vppcri in the conalbumm area usually designated 
In genci il, the ue vs rlesign vted vs globulins weie relatively heterogeneous 
The dbumiii'. showed v ichitivcly wnde vaiiation in mobilities and in 
percent vge distnbution into the tw’o components designated as and ^2 
Tlie egg w lutes of most of the species showed the presence of electiopho- 
retically ill dermed proteins which migrate at a rate cvhich is slower than 
that of the con ilbumins undei comparable conditions In addition, a 
sm ill imount of a piotem isoelectuc above pH 8 6 was present in the egg 
whites of the chicken, tiiikcy, gumea hen, mallard duck, pheasant, and 
goose 


The vuthois wish to thank Di M R Irwm for gifts of the eggs of the 
Colurnbiformes species and to acknowledge the mterest of Dr J W 
Williams m this work 


sUAnURY 

The egg white proteins of thirteen species of buds weie examined electro- 
phoretically It is possible to diffeientiate each species by this technique 
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In 1943 one of us (H S S ) and cowoikeis (1) reported the isolation of a 
new steroid glucuronide fiom the mine of a young female pseudoheima- 
phrodite * The fice steioid n as obtained by acid hydrolysis and was chai- 
acteiized tentatn ely as a steioid havmg an a-OH at C-3 and a ketone gioup 
at C-20 Some fiuthei woik nas done on the steioid moiety in the labora- 
tories of the School of iMedicme, Unneisity of Pittsbuigh, and Magee 
Hospital Changing cncumstances made it necessary for the oiigmal in- 
vestigatois to discontinue then study, and work on the identity of the 
steroid moiety was undei taken at the Mayo Foundation This report 
covers the woik done since the pielimmary report 

Urine w^as processed by Vennmg’s (2) method for the isolation of sodium 
pregnanediol glucuronidate (NaPG) The glucuionidate obtained, how- 
ever, differed from NaPG in physical appeal ance and solubility Analysis 
indicated the foimula CarHuOoNa, the sodium glucuronidate of a steroid 
w ith the foi mula C21H34O3 Reduction of Benedict’s reagent aftei hydroly- 
sis and a positive lesult of Tollens’ naphthoresoicinol test mdicated the 
piesence of glucuionic acid 

Several preparations were hydrolyzed for isolation of the steroid moiety 
In the earlier work only material that had been extensively recrystalhzed 
was used An acetate was prepared by Di K Hofmann from some of the 
ketonic steroid so obtained, which was shoivn to be identical with the 
acetate obtained later In the latei work a relatively cmde preparation 
of glucuronidate was used, and treatment of the steroid moiety ivith 
Girard’s Reagent T gave some pregnanediol m addition to the ketone pre- 
viously described The analytical results suggest that the highly purified 

* Present address, Weetinghouse Research Laboratories, East Pittsburgh, Penn- 
sylvania 

' Patient of Dr John W Shirer of the staff of the Elizabeth Steel Magee Hospital, 
to whom we are indebted for the opportunity to study the urine 
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glucuromdate contained little if any NaPG, but the crude matenal must 
have contained an appreciable amount 

Enzymic and acid hydrolysis of the purified glucuromdate gave essen- 
tially the same results In both mstances approximately 25 per cent of the 
neutral fraction was non-hetonic m nature The presence of this material , 
may mdicate a small amount of NaPG even m the purified glucuromdate 
The prmcipal steroid, however, was the ketone 

Analysis of the ketomc steroid indicated the formula C 21 H 31 O 3 , and the 
results of analysis of the acetate agreed with its formulation as a mono- 
acetate of C 2 iH 340 a In the meantime Lieberman and Dobrmer (3) de- 
scribed the isolation from human unne of pregaane-3(a:),17-diol-20-one 
and the preparation of its acetate The close similarity m the properties 
of the steroid and its acetate obtamed from the glucuromdate and those of 
pregnane-3 (a), 17-diol-20-one and its acetate, respectively, strongly in- 
dicated their identity A sample of piegnane-3 (a ) , 17-diol-20-one furnished 
by Dr Lieberman melted at 207-208°, and a sample of our material which 
melted at the same temperature did not depress the meltmg pomt of the 
Lieberman sample However, the specific rotation of our matenal was 
Md® = +51 8 ° ± 0 8 °, whereas Lieberman and Dobrmer* gave [ajp® = 
— 7 8 ° ± 2 6 ° Nevertheless, it still seemed probable that the structure 
must be essentially that of pregnane-3(a),17-diol-20-one, although the 
presence of an 1103)-OH was by no means ruled out 

Oxidation of the acetate with chromic acid gave a neutral product which 
could not be mduced to crystalhze Hydrolysis and crystaUization from 
dilute acetone gave needles which did not depress the meltmg pomt of 
etiocholan-3(Q;)-ol-17-one Conversion to the benzoate gave a product 
which melted at 160-162° and did not depress the meltmg pomt of etio- 
cholan-3(a:)-ol-17-one benzoate * It was concluded, therefore, that the 
origmal ketone belonged to the cholane senes, and that it possessed a hy- 
droxyl group at C-3 with the a configuration, a hydroxyl group at C-17, 
and, also at C-17, a 2-carbon side cham bearmg the carbonyl group at C-20 
This IS the foimulation of piegnane-3(Q:),17-diol-20-one 

The meltmg pomt of this ketone deserves comment The specimen 
used for determmation of the specific rotation melted at 212-213° After 
evaporation of the alcohohc solution m a water bath the meltmg pomt 
was 190-195° Recrystalhzation from ethyl acetate raised the meltmg 

^ In correspondence Dr Lieberman has informed us that the published value is m 
error and that the correct value should be [o]” = -h64 5° ± 4° (c = 0 248 in a co 0 
We are still not in agreement on the exact value for the specific rotation, but t e maj 
discrepancy has been eliminated , . 

*The previous observation (1) that the Zunmermann reaction 
3.ketosteroid after oxidation with chromic acid may perhaps be explained by t e 
of too short a period of oxidation (1 hour) for the formation of appreciable amouni 

the 17 -ketoBteroid 
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point only to 198-200°, ind it could not be raised above 200-203° by further 
rccr^btallu vtioii fiom acetone Possibly theie was conversion of a small 
amount to the D-homo compound (compaie Pliisclimann and Hirschmann 
(4)), dthough none of the treatments was more drastic than those used 
originally foi isolation of the compound 

Since prcgn me-3(a) ,17,20-triol has been obtamed fiom the mine of 
pseudolicimaplirodites (5-7), this substance was sought m the non-ketomc 
fr iction dern ed from the crude glucuionidate Chromatogiaphic analysis, 
how c\ er, ga^ c only pieguanediol 

Glucuronic acid oi glucuione was not isolated after hydrolysis of the 
conjugate How cvci , the analysis and the development of reducmg power 
on hydrolysis indicated the presence of a ui onic acid which was presumed to 
be glucuronic acid, since urinary substances are commonly conjugated ivith 
that acid and pregnanediol is laiown to be so conjugated The color given 
with naphthoresoicmol and enzymic hydrolysis of the conjugate ivith hver 
powder lend furtliei suppoit to the conclusion that the steroid was con- 
jugated w'lth glucuronic acid 


EXPERIMENTAL 

[solalwn of Sodium Stetoid Glucuionidate — Urme was collected m glass 
containers containmg 5 drops of triciesol or triciesol and 100 ml of butyl 
alcohol and was sent to the laboiatoiy at Magee Hospital m lots of 2 to 3 
hters At times 2 to 3 w^eeks elapsed betw^een collection of the specimens 
and processing on receipt at the laboratory Collections were made period- 
ically from May, 1940, to Decembei, 1945 The urme was processed ac- 
cording to the method of Vennmg (2) The acetone from which the 
glucuronide was precipitated was evaporated, the residue was taken up m 
a small volume of alcohol, and 5 volumes of 0 1 n NaOH oi water were 
added No piecipitable fiee steioid was found by the procedure of Astwood 
and Jones (8) m eleven different specimens The amounts of crude sodium 
glucuronidate obtamed from various batches of mine varied from 33 to 79 
mg pel liter 

The crude glucuronidate contamed some lesmous material which was 
lemoved by treatment with cold alcohol One batch of 2 4 gm thus gave 
1 6 gm of partially purified material By lecrystalhzation twice from 95 
pel cent alcohol a first crop of 429 mg and a second crop of 221 mg w^ere 
obtamed Both crops melted at 266-268° (4° pei mmute) with decomposi- 
tion Analysis of the second crop and of another prepaiation gave the 
followmg results after diymg to constant weight at 107° m a high vacuum 

Analysis — C 7 H 4 iOoNa Calculated C 60 88, H 7 76, Na 4 32 

Found “ 60 25, » 7 77, “ 4 26 

“ “ 60 46, " 7 80, “ 4 27 
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Analysis for glucuronic acid by the method of Allen and Viergiver (9) 
gave titers sinulai to those obtained TOth an equal weight of NaPG When 
the method Maughan, Evelyn, and Browme (10) (based on Tollens’ naph- 
thoresoicmol leaction) was used, the new substance gave slightly less coloi 
than an equal weight of NaPG, but only a small amount of coloi vas e\- 
ti acted by ether, and the amount exti acted was not pioportional to the 
amount of substance used On standmg overnight there was considerable 
mciease of coloi in the ethei layei in piopoition to the concentration of 
substance used Aftei acid hydiolysis, but not befoie, Benedict’s solution 
was 1 educed In the Zimmeimann leaction the glucuronidate gave a color 
similai to that of the free steroid (1) and its acetate 
Hydrolysis of Ciude Gliicui amdate — ^The gluciiionidate (500 mg) was 
dissolved in 10 ml of alcohol and 10 ml of water by w arming The solu- 
tion was diluted to 100 ml , 50 ml of toluene vere added, and the mixture 
was heated to boilmg Refluxmg was continued foi 1 hour aftei cautious 
addition of 11 ml of concentrated HCl Aftei coohng, the toluene was 
separated and the aqueous solution was extracted twice ivith 50 ml of ether 
The ethei extracts were combined with the toluene, washed with a solution 
of NaaCOa, diied over NaaSOa, and evapoiated to dryness undei reduced 
pressure The lesidue, 259 mg , was heated 5 mmutes in a boilmg watei 
bath with 1 gm of Guard’s Reagent T and 2 ml of glacial acetic acid 
After coohng m an ice bath, the mixture was dissolved by shaking iiith 40 
ml of ice water, 6 ml of 5 n NaOH, and 25 ml of chloroform Pieces of 
ice were added to keep the mixture cold The chloiofoim uas separated 
and the aqueous phase was extracted twice more noth 25 ml of chloroform 
The chlorofoim extract was washed once with 16 ml of ivater ivhich was 
combmed ivith the aqueous residue 
Non-Ketonic Fraction, Piegnane-3{a) ,20{a)-diol — The chloroform ex- 
tract ivas washed with a solution of NaoCOs, dried ovei Na2S04, and dis- 
tilled The residue, 100 mg , wms dissolved in methanol After filtration 
the solution was concentrated to about 1 ml , filtered from an amorphous 
precipitate, and further concentrated The few crystals (3 mg) which 
separated melted at 234-236° Removal of methanol and treatment of 
the residue with acetone gave more ciystallme material (15 mg ) which 
melted at 237-238° after leciystallization from methanol and appealed to 
have the properties of piegnane-3(a) ,20(a)-diol The crystals w'eie acety 
lated with pyridine and acetic anhydride The acetate, after ciystalhzation 
from methanol, melted at 160-162° Adnnxtuie with authentic piegnane- 
3(a) ,20(a)-diol diacetate (m p 160-162°) did not depress the melting point 
Chiomatogiaphic analysis of the non-ketonic fraction of a duplicate ex 
peiiment gave only pregnanediol There wms no evidence of the piesence 


of pregnane-3 (a) , 17 ,20-triol 

Ketonic Fraction, Pregnane-S{a) ,17-diol-20-one— -The 


aqueous residue 
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coiit lining tlic Gii ud complex of the ketones was acidified wnth 7 ml of 
concenti itcd II:b 04 previouhlj^ diluted w'lth ice w atei and allowed to stand 
oieinight with 23 ml of chloiofoira The aqueous phase w^as extracted 
twice moie with chlorofoim The combined extiacts weie washed wntli a 
solution of X i-.COa, diied, ind distilled ihe residue of ketonic fraction 
weighed IbS mg On ciyst illiz ition from methanol, ciystals w eie obtained 
which molted at 203-208° Rociystalhzation fiom acetone gave two ciops 
which melted it 212-213° These ciops weie combined and leciystalhzed 
from icetone to give 10 mg of mateiial which melted at 212-213°, [ci\^^ = 
+31 S° ± 0 S° (c = 1 33 in alcohol) The substance was dried at 100° 
m lacuo foi an ilysis 

iiial’jst!, — C illjtOa C ilcul itcil, C 75 40, II 10 25, found, C 75 22, H 10 18 

Other ciops weighed lb mg and melted at 210-213° The lemamdei 
(25 mg) in the mothei hquois was dissolved in caibon tetiachloiide and 
chiom itogiaphed on 3 gm of magnesium sihcate-Cehte (3 5) On elution 
with xauous mixtuies of caibon tetiachloiide and benzene, benzene, and 
benzene containing 0 2 pei cent of alcohol theie was no yield fiom the 
column Sixteen 25 ml portions of benzene containing 0 5 pei cent of al- 
cohol were collected Fractions 4 thiough 12 melted at 205° oi higher and 
weighed 19 mg 

In anothei experiment the ketomc fi action was submitted to chiomato- 
graphic analysis on alumina The ciystalline fi actions so obtamed ap- 
pealed to be mixtures which could not be lesolved with the amounts avail- 
able In view of the expeiience of Hiischmann and Hiischmann (4) with 
A*-piegnone-303),17-diol-20-one it seems piobable that contact ivith the 
alumina resulted in considerable conversion to the D-homo compound 

Pregnane-3{a) ,17-diol-20-one Acetate — A portion (15 mg ) of the sample 
that melted at 212-213° ivas heated 30 minutes at 90° wnth 8 drops of pyii- 
dme and 4 diops of acetic anhydride After coohng, watei and HCl were 
added The acetate ivas filtered out and crystallized fiom acetone and 
then from methanol It melted at 196-198° Liebeiman and Dobrmer 
(3) gave a melting point of 201-202°, but w e w eie unable to raise the meltmg 
point of our acetate 

We aie indebted to Dr K Hofmann of the University of Pittsburgh for 
preparation of the acetate dm mg the earlier part of this mvestigation 
Two of his samples melted at 195-198° and 195-197°, respectively Mix- 
tures of these specimens and the one just described (m p 196-198°) melted 
at 196-198° One of Dr Hofmann’s samples was sublimed at 170° and 
0 005 mm for analysis 

Analysis — C 3 H 30 O 4 Calculated C 73 36 H 9 63 

Found “ 73 51, “ 10 13 

“ “ 73 43, “ 10 26 
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Oxidation of Pre(;nane-3{a) ,17-diol-20-one Acetate— The 19 mg of ketone 
obtamed from the column were acetylated wth acetic anhydnde and pyri- 
dme Crystalhzation gave 13 mg (0 04 imi) of acetate which melted at 
198° It was dissolved m 0 5 ml of glacial acetic acid and treated with 
0 13 ml of a 0 645 n solution of chromic acid m acetic acid Aftei standmg 
overmght, benzene and water were added and the aqueous phase was 
extracted tivice moie with benzene The extract was washed with sodium 
carbonate solution, diied over Na 2 S 04 , and evaporated The residue gave 
crystals fiom methanol which melted at 172-180° and which appeared to be 
unchanged staitmg matenal The methanol was removed and the residue 
was extracted with hot petroleum ether (b p 30-60°) On concentration 
of the petroleum ether solution to a small volume a small amount of material 
meltmg at 158-170° was obtamed The petroleum ether was then removed 
and the residue, dissolved m 1 mi of methanol, a few drops of 5 N NaOH, 
and 1 ml of water, was heated at 90° for 30 mmutes On coohng, an oil 
separated It was induced to crystalhze by scratchmg the tube and w^as 
recrystalhzed from dilute acetone to give long needles which showed a 
transition pomt at 137° and melted at 148-150° A mixture with etio- 
cholan-3(a)-ol-17-one (m p 148-150°) also melted at 148-150° The re- 
mamder was benzoylated with benzoyl chloride and pyridme After two 
crystalhzations from dilute methanol the benzoate melted at 160-162° and 
a mixture with etiocholan-3(a)-ol-17-one benzoate (m p 163°) melted at 
> 160-162° 

Enzymic Hydrolysis of Glucuronidate — ^A comparison of acid and enzymic 
hydrolysis was made The acid hydiolysis of 76 mg of purified glucurom- 
date was carried out essentially as previously described (1) Enzymic 
hydrolysis of 76 mg , accordmg to the conditions of Mason and Kepler (7), 
was carried out ivith rat liver enzyme piepaied by the method of Talbot, 
Ryan, and Wolfe (11) Acid hydrolysis gave 41 mg of neutral fraction, 
38 mg of which were separated with the aid of Giraid’s Reagent T mto 8 
mg of non-ketomc fraction and 25 mg of ketomc fraction The corre- 
sponding fiactions obtained by enzynuc hydrolysis weie 43, 12, and 24 mg 
A blank run on the enzyme pieparation gave 3 5 mg of neutial fraction 

The ketomc fiactions weie crystallized from acetone The fiist crops 
melted at 212-213° (acid hydrolysis) and 213-214° (enzymic hydrolysis), 
respectively Additional ciops gave total yields of matenal of 10 5 and 
12 7 mg , respectively, which melted above 210° 

Smce the ketone obtamed by enzymic hydiolysis had been subjecte 
to a mildei pioceduie than that obtamed by acid hydrolysis, its speci c 
rotation was determmed [a]f = +52 4 ° ± 2 4 ° (c = 0 420 m 95 per cent ^ 
alcohol) This value is the same, withm the limits of experimenta error, 
as that determmed for the ketone previously obtamed by acid hydro ysis 
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Ihcse results do not show any essential diffeiences in properties or m 
yields between the pieparationa obtained by acid and enzymic hydrolysis 

Dr C B bhaffer, The Mellon Institute, and Evelyn W Stiiclder had 
i part in tins investigation Oui thanks are due them for their contribu- 
tions 111 inks are also due IMartm Kalsei, Elsa DeBona, and Henry 
Karpinsla who helped proeess the mine 
.Analyses w'erc made by Wra Saschek, A J Haagen-Smit, and J F 
^Uicino 


SDMJDVBY 

A glucuronide was isolated as the sodium salt, having the composition 
C'syHiiOsNa, from the urine of a femmme pseudohermaphrodite Preg- 
uane-3(a),17-diol-20-one was obtamed from the glucuromde by hydiolysis 
and its structure proved by degradation to be etiocholan-3(Q:)-ol-17-one 
-\. crude preparation of the sodium glucuromdate also contamed pregnane- 
diol, but pregnane-3 (a) ,17, 20-tnol was not found 
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Intntal Husbandry, Agricultural and Mechanical College of 
Texas, College Station) 

(Received for publication, August 29, Vdil) 

The stabihtj' of ti 3 'ptophan, when heated in alhahne solution under 
conditions suitible foi tlie hydiolysis of pioteins, has been studied by a 
luimbei of iiuestigatois In gcneial, the oldei lepoits indicate that a 
somewli it iiicgulai loss of tiyptophan usually occuis With legaid to the 
causes of this loss, the icpoit of Lugg (1), showing that the addition of 
stannitc lesulted in paitial stabilization of tiyptophan, is of paiticular 
significance as it indicates that the destiuctive leaction is one of oxidation 
The results of Biand and KasseU (2) aie m agieement wuth this conception 
The production of indole fiom pioteins aswell as fiompuie tiyptophan by 
heating these substances in alkaline solutions w as studied by Herzfeld (3) 
When lel itively laige amounts of coppei sulfate w eie added, 60 per cent of 
the tr 3 '^ptophan was conceited to indole This suggests that even traces 
of coppei 01 othei heav 3 metals might influence the stability of tiyptophan 

The wide-spread adoption of miciobiological methods foi ammo acid 
analysis focuses new attention on the best method foi the hydiolysis of 
protems and especially of foodstuffs foi ti 3 'ptophan deteimmation Gieene 
and Black (4) found autoclaving wuth 5 ^ Ba(OH )2 foi 5 houis a satis- 
factoiy proceduie Stokes et al (5) adopted the piocedure of autoclavmg 
for 10 hours with 5 N NaOH Hauschildt et al (6) also used sodium hy- 
droxide foi hydiolysis and appaiently consideied it satisfactoiy In con- 
trast with these lepoits, AVooley and Sebrell (7) found tiyptophan to be 
lelatively unstable when autoclaved with NaOH The lepoit of Gieenhut 
et al (8) indicated the same thmg 

These diffeiences in lesults pi esumably w ei e due to differences m matenal 
or conditions It is the pui pose of this lepoi t to present data showmg some 
of the factois ivhich can altei the stabihty of tiyptophan and to present 
a procedure by w'hich tiyptophan can be completely stabihzed dunng the 

* Presented, in part, at the thirty eighth annual meeting of the American Society 
of Biological Chemists at Chicago, May, 1947 This investigation was aided by a 
grant from the American Meat Institute 
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hydrolysis of proteins and foodstuffs ■nith sodium hydi oxide This pro- 
ceduie has the advantage that nothmg is added which must be removed 
prior to the deterimnation of tryptophan by microbiological methods 
A method foi the detennmation of tryptophan vath Streptococcus faecalts 
R IS described Tins orgamsm was selected on the basis of its specificity 
Indole and anthiamlic acid, which have considerable tryptophan activity 
for Lactobacillus arabiiiosus (9, 10), aie completely mactive for Streptococcus 
faecahs R (9, 11) 


EXPERIMENTAL 

Determination of Tryptophan with Streptococcus faecalis R — ^The medium 
is given m Table I The composition of the salt solutions has been pre- 


Table I 

Medium for Determmalion of Tryptophan with Streptococcus faecahs B* 


HjO.-treated peptone 

200 ml 

»L-Methiomne 

200 

mg 

solution (50 mg per ml ) 


li-Cystine 

200 

<1 

Glucose 

40 gm 

n-Tyrosiue 

200 


Succimc acid 

20 “ 

rhiarmne chloride 

0 4 


Sodium acetate 

6 “ 

Pyndox amine 

0 S 


Ademne sulfate 

10 mg 

Calcium pantothenate 

0 4 


Guanine 

10 “ 

Riboflavin 

1 0 


Uracil 

10 “ 

Niacin 

2 0 


Xanthine 

10 “ 

Biotin 

2 

7 

Salts 1 

10 ml 

p- Yminobeiizoic acid 

2 


“ 2 

10 “ 

Fohc acid (synthetic) 

s 


“ 3 

10 “ 1 





Dilute to approMinately SOO ml , add 13 gm Xt-OH pellets and finish neutralizing 
with NaOH solution, dilute to final volume of 1 liter 


’Medium for 200 cultures of 10 ml final \olume (5 ml of above medium per 
culture) 

viously reported (12) Hydiogen peroxide- tieated peptone is prepaied 
as follows 50 gm of Bacto-peptone are dissolved m 250 ml of water, and 
250 ml of 1 N hydrochlonc acid are added after the peptone is completely 
dissolved 0 02 mole of hydiogen peroxide (2 3 gm of 30 per cent H 2 O 2 ) 
IS added and the solution is allowed to stand overnight at loom temperatuie 
The mateiial is then steamed 30 mmutes at atmospheric pressure, stirred 
while hot, cooled, neutialized with sodium hydroxide, and steamed for 1 
hour The solution is ready for use after dilutmg to a final volume of 1 
hter A reagent grade of hydrogen pei oxide which does not contam any 
preservative should be used The amount of hydrogen peroxide mdicate 
above is less than was used in the prelimmaiy report (13) This modifica- 
tion results m an improved medium for the determmation of tryptop 
The assay procedure and the technique of handlmg the bactena are e 
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s.ime IS til it prcvioiisl} iibcci for the deteimination of histidine with Slrepio- 

loccu^ fiJt^ahb 11 ( 12 ) 

In ici Old iiK c with the lepoits ot Stokes cl al (5) and Baumgaiten et al 
(11) it \s lb found tliat DL-tiyptophan has e\ictly one-half the activity of 
n-tiyptopli 111 Coinplcle i ucinizatiou of tiyptophan in hydiolysates pie- 
pired with base is isbUmcd 'Iheiefoic dnect analytical lesults aie ob- 
t lined with a dl st iiidaid If L-tiyptoplian is used as a standard, the 
inilytiial \ lines should be niultiphcd bj 2 The lange of the standaid 
curve is fioin 0 to 22 y of DL-tryptophaii The ma\imiim titiation value is 
approMiii itely 4 ml of 0 1 n soihum hydi oxide (5 ml aliciuot fiom a 10 ml 

1 VUCL II 


btuhilily oj } ryplophan iutocUntd inJfN Sodium H ijdroxido wUli Kariotis Substances 


dl-To pio 

phon audcd 

Other material added* 

Time of 
aatoc!a\ mg 

Tryptophan found 

Reco\ ery 

rrtg 


hrs 

ms 

per cent 

0 625 


8 

0 514 0 522 

82 9 

1 25 


8 

1 00 1 09 

87 3 

2 5 


8 

2 3b, 2 38 

94 8 

5 0 


8 

4 70, 4 72 

94 2 

2 5 


Ib 

2 23, 2 25 

89 8 

25 

CubOi 5II 0 

8 

2 16 2 12 

85 6 

2 5 

FeCJ, 6H 0 

8 

2 27 

90 8 

2 5 

NiCl 6H,0 

8 

2 31 

92 1 

2 5 

SnCl. 2H.0 

8 

2 34, 2 41 

95 2 

0 625 

Cysteine 

8 

0 620, 0 623 

99 6 

2 5 

ft 

8 

2 55, 2 52 

101 4 

2 5 

tt 

16 

2 54, 2 52 

101 2 

2 5 

(t 

30 

2 49, 2 50 

99 8 

2 5 

• + CuSOi 5H 0 

8 

2 52, 2 51 

100 6 

2 5 

■■ + NiCI 6H.0 

8 

2 48, 2 56 

100 2 

2 5 

“ + SnCh 2H 0 

8 

2 51 , 2 52 

101 2 

2 5 

“ + FeCl, 6H 0 

8 

2 54 

101 8 


* 0 4 mg of each of the metal salts indicated was added 


culture) Attention must be given to the purity of the standard The 
majority of commercial tryptophan samples aie not pure enough foi this 
pm pose 

Prepaialion of Hydiolysates by Enzymatic Dti/esfton— Enzymatic hy- 
drolysates were prepared accoichng to the method of Greenhut, Schweigert, 
and Elvehjem (8) Commercial enzyme pieparations w^ere used 

RESULTS ■IND DISCUSSION 

Prelimmary tests resulted m the foUowmg findmgs When DL-tryptophan 
was autoclaved m 3 or 4 n sodium hydroxide for various lengths of time, 
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Table III 


Effect on Stability of Tryptophan of Autoclaving tn Sealed Tubes 


Sratenal autocIa\ cd 

Concentra 
tion of NaOH 

Other conditions 

2 >i. Trypto- 
phan found 

Recovery 





ms 

per cent 

i)L-Tryptophan, 

1 25 mg 

4 N 

Se lied m air 

0 46 

36 9 

(( 

1 25 “ 

4 ‘ 

(( << 4( 

0 44 

35 5 


1 25 “ 

5 “ 

<< <( << 

0 43 

34 3 

(( 

1 25 “ 

5 

“ « U 1 

0 42 

33 7 

(t 

1 25 “ 

4 “ 

Cjstcine added, air 

1 24 

99 2 




displaced by 




1 25 

i 5 ‘ 

i (( 

1 28 

102 3 

it 

1 25 “ 

5 

ii ft 

1 25 

100 0 

Casein, 250 mg 


4 “ 

fseiled in nr 

2 SO 


“ 260 “ 


4 “ 

ic ( if 

2 78 


" 250 “ 


4 ‘ 

C \stcine iddcd, an 

2 99 





displ iced hi X 



‘ 250 “ 


■» ‘ 1 

<( <i 

3 01 



1 \BLE R 


Liberation of Iryptophan from Casein and Beef Fibrin under T auous Conditions 

of Hydrolysis 


Hydrolyzing agent 

Time of b>drol> sis 

Tryptophan in 
casern 

Tryptophan in 
beef fibrin 


hrs 

ptr cent 

per cent 

3 N NaOH with cysteine 

8 

1 10 

2 77 

2 ft ft if *< 

16 

1 13 

2 95 

4 “ “ 

2 

1 00 

2 76 

^ i( <( <4 

4 

1 09 

2 79 

^ (C ft ft ft 

6 

1 11 

2 85 

4 “ " 

8 

1 12 

3 01 

j (( <{ (< << 

4 

12 

1 15 

3 09 

1 (C <( << 

4: 

16 

1 17 

3 17 

^ ft ft { t 

0 

4 

1 17 


5 “ “ 

8 

1 12 

2 84 

5 “ 

16 

1 20 


3 “ Ba(OH). 

8 


3 23 

3 “ 

12 

1 15 


6 “ 

4 

1 24 


6 “ “ 

8 

1 24 

3 43 

6 “ “ 

16 

1 21 

3 38 

Pancreatin + erepsin 

24 

1 07 

2 92 


a pait of the tiyptophan was always destioyecl The extent of destine wn 
was vauable and appealed to have no consistent lelationslup to ' 

of tune of autoclaving Mixtuies of pine ammo acids patterned a e 
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tjpicil protein hydrolysates afTorded partial protection On testing the 
immo acids sepai vtely, it was tound th it the protective action was due to 
Stine and inethioninc Cysteine proved to be a more effective protective 
igent th in cither of these tw o ammo acids 
Some btihilitj testb of puticulai significance are given m Table II 
riiese d it i sliow th it (1) in the ibscnce of a protective agent the peicentage 
losa of tryptophm w is relitcd to the total concentiation of tryptophan, 
the grcitcr pciccnt ige loss occuniiig it the low'ei concentrations, (2) that 
the loss of tivptophin was gicatly enhanced by the addition of copper 


1 incL V 


i rtjplophan Content of Some Foodslvjft, 





Tryptophan found in 

protein* 

Material aoal>^cd 

Protein 

content 

Autoclaved 

Autoclaved 

Digested 




16 hrs 

4 N NaOH 

8 hrs , 6 N 
Ba(OH)i 

pancreatm 
+ erepsin 


per 

cent 

per cent 

per cent 

per cent 

Beef tonguct 

81 

45 

1 25 

1 10 

0 96 


S3 

10 

1 19 


0 96 

“ lomt 

82 

60 

1 27 


1 11 

i< U 

87 

50 

1 24 

BhH 

1 07 

“ livcrf 

68 

85 

1 46 


1 36 

4( *t 

■m 

30 

1 52 


1 42 

Cottouiieed nieiil 

•13 

19 

1 43 



« 4< 

•40 

26 

1 50 



Peanut meal 

38 

69 

1 11 



Soy bean meal 

43 

32 

1 64 



Dried skim milk 

33 

44 

1 42 

1 29 


Tankage 

58 

63 

1 00 

0 91 


Meat scraps 

52 

17 

0 69 

0 69 


Alfalfa leaf meal 

21 

32 

1 63 

1 40 



* This IS equivalent to calculating to 16 per cent nitrogen 
t Aloisture free fat free samples 


and was somewhat influenced by n on and nickel, and that (3) by the use of 
cysteine, the destruction of tryptophan was completely pi evented even in 
the presence of heavy metals These findmgs are m agreement with the 
hypothesis that the loss of tryptophan is a result of oxidation catalyzed 
by heavy metals 

To test this hypothesis fuithei, tryptophan solutions were autoclaved in 
sealed tubes containing air or nitrogen Cysteine w'^as also added to the 
tubes containing nitiogen The ratio of an space to liquid volume was 
about 1 1 and the tubes containing an w’-ere tilted to mciease the surface 
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area Nearly two-tliiids of the tryptophan m the tubes containing air 
was destroyed, while complete recoveries weie obtamed under nitrogen 
(Table III) With casern, this effect was much less pronounced, piesum- 
ably because of the piotective action of the sulfui-contammg ammo acids 
present m the piotem 

The piocedure which resulted m the complete protection of tryptophan 
m the stabihty tests is given below This piocedure was also used to pre- 
pare hydrolysates of proteins and foodstuffs foi tryptophan analysis 



Fig 1 Effect of copper concentration on o\idation of tryptophan with molecular 
o\ygen 0 01 mm of nn-tryptophan in 2 5 ml of 4 N sodium hydroxide, oxygen at 
mosphere, 38° Curve 1, 0 002 mir of copper. Curve 2, 0 001 ium of copper, Curve 3, 
0 005 nm of copper 

100 mg of L-cysteme hydrochloride were added to 16 ml of 4 n sodium 
hydroxide m a 100 ml Pyrex beakei Another beaker of largei size was 
used as a covei The solution was autoclaved at 15 pounds piessuie for 
about 1 hour While hot, another 100 mg poition of cysteme ivas ad e 
along with the tryptophan or 0 5 gm of sample to be hydrolyzed Auto 
clavmg was then contmued for the time mdicated 

Hydiolysates prepared m this mannei were analyzed for tryptop au 
and the results compared with those obtamed after hydrolysis ivith banum 
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hj droMcIe md w itli digestive enzymes From Table IV it will be seen that 
Iryptoph m is moio loulily liberated fiom casern than from fibrin The 
m iMinum \ aluc for tiyptophan m each of these protems was obtained after 
treatment with b n B i(OII )3 for S houis The enzymatic technique of 
Greenhut cl al (S) ga\e sliglitly lowei lesults 
Ihc tryptophan content of some foodstuffs is mdicated m Table V It 
w ill be noted that, in general, hydrolysis with sodium hydroxide gave higher 
\alues th in hydioi 3 ^sis with barium hydroxide 



Flo 2 Effect of sodium hydroMde concentration on oxidation of tryptophan 
0 01 mji of DL tryptophan in 2 5 ml , oxygen atmosphere, 38°, 0 002 him of copper 
Curves 1 to 6 designate sodium hydroxide normality, Curve 7, phosphate buffer pH 
74 

Manometne tests ivith the Baicioft-Warbuig apparatus showed that 
the reaction of tryptophan with molecular oxygen takes place even at room 
temperature The reaction was catalyzed by copper (Fig 1) and influenced 
by the concentration of sodium hydroxide (Fig 2) It is to be expected 
that at elevated temperatures much smaller quantities of copper would be 
effective Under the conditions of these experiments, the maxunum rate of 
oxygen consumption took place m 4 n sodium hydroxide The decreased 
rate of reaction with higher concentrations of base was attributed to low^er 
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solubility of oxygen The reaction proceeded at a measurable rate even 
in phosphate buffer at pH 7 4 Some catalytic effect was observed with 
mckel and platmum 



Fig 3 Oxidation of tryptophan with molecular oxygen and copper catalyst 
0 001 imi of DL-tryptophan in 2 5 ml of 4 n sodium hydroxide, 0 002 nai of copper, 
38°, oxygen atmosphere 


Table VI 


Relative Microhiological Activity of Tryptophan Oxidized with Molecular Oxygen 


Atoms of oxygen consumed per 
mole of tryptophan 

Activity for Laciobaallus 
arabtnostis 17 5 

ActiN ity for Streptococcus 
faccahs R 

0 

100 

100 

1 

84 

80 

2 

63 

59 

3 

48 

42 

4 

37 

29 

S 

27 

18 

6 

16 

5 

7 

16 

2 

8 

17 

0 

10 

13 




A short induction period was typical of the manometnc ^ 

This was followed by rapid consumption of 4 moles of oxygen (Fig ) 
The reaction contmued very slowly beyond this pomt with the consump ion 
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of bC\ci \\ molo mok'b of o\>gon It was of mtoiest to stop the le-ictiou it 
\ moils st iges to test the Iiiologital ictivity of the putrilly oxidized 
mitcrnl Tible VI shows th it LactobactlIut> (uabinoMi- 17-5 had gicitei 
ibilitj to utilize the oxidized tompounds than did Sluplotouiti, faaak^ R 
With the consumption of 1 moles of oxygen, ill of the ictivit} foi Sbtplo- 
coccti'i faLcali'i R iijs lost In the cxpeiimciits by Heizfcld (3) in which 
sin ill amounts of ti \ ptopii in wcie heated w ith iclatively 1 iige imoiints ot 
copper siilf ite, in ilk dine solution, i GO pei cent yield of indole w is ob- 
tained If indole were the inajoi eiid-pioduct iii the expeiimeiits icpoitcd 
here, gre itoractivitv fot Lai (obactllus at abinot^ni^ would bo expected Coloi 



Fio 4 Effect of methionine on oxidation of tryptophan with copper as catalyst 
0 01 m\i of DP-tryptophan, 0 001 nut of copper Curve 1 , control without methionine. 
Curve 2, 0 1 mii of dl methionine 

tests (14) on the solutions at various stages of oxidation did not show 
presence of indole 

Cysteine leacts veiy rapidly with oxygen in alkaline solution TVi 
indicates that at least one of the mechanisms by which cysteme staiiisj 
tryptophan is by removing oxygen fiom solution Cysteine or deeciixi^- 
tion products therefiom might also function by combming with ~ 
Copper or other heavy metals so that the catalytic action is blockec, Zs-n- 
dence for this mechanism w'as found m the case of methionine TtE,: 3 _r 
acid was not oxidized undei the experimental conditions but 
stabilize tryptophan (Fig 4) 
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SraUIARY 

1 Evidence is presented which indicates that the destruction of trypto- 
phan which occuis dm mg autoclavmg m sodium hydroxide solution is due 
to oxidation by moleculai oxygen 

2 A procedure is descnbed by which this destruction can be completely 
prevented Cysteme is used as the stabihzmg agent Thisprocedmeiias 
utihzed for the piepaiation of hydiolysates of various foodstuffs for tryp- 
tophan analysis 

3 Tests with the Baicioft-Waibuig apparatus showed that tryptophan 
reacts with molecular oxygen m alkalme solution at loom temperature 
Copper salts greatly accelerate the late of this reaction Some catalytic 
effect was also observed with nickel and platmum 

4 A simplified medium for the determmation of tryptophan vath 
Sirepiococcus faecalis R is described This medium utihzes hydrogen per- 
oxide-tieated peptone as a souice of most of the ammo acids 
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Ih K V KUJKLN, C \RL M LYM VN, v\d FRED HVLE 
With thi 'Ijciimcvi VbbisTVNCL oi Suiullii Dieterich, Marjory 
Hu\dioiu>, vnd Mvuy Tiust 

(/ row the Dcjmrtmtnl of liiochcmntnj and XutrUioil and the Department of 
Uiimal Ilndmndry, {qrtcnllnral and Mechanical College of 
Tcxai, College Station) 

(U(.cci\ctl for publication, August 29, 1947) 

It ib the purpobc of this communication to leport the tiyptophan content 
of various kinds of me it as detormmed bj' a mici obiological method inth 
Strcplococctt6 ftiLcalib R as the test oiganism Repiesentative samples were 
also analj zed bj a clicmital piocedure 
Meat s imples v Inch had been dehydiated fiom the fiozen state and then 
defatted weie used m this iiucstigation These samples veie prepaied m 
order th it as man}’’ of tlie ammo acids as possible might be determmed on 
the same mateiials Aletluonmo (1) and histidine (2) studies have been 
previously repoitcd 


EXPERIMENTAL 

Descnption of the samples and details of their piepaiation have been 
previously given (1) The equivalence of the dned sohds m teims of fiesh 
meat was known fiom mtiogen deteiimnations on the fresh and dehydrated 
materials In all cases in which the extracted fat contained as much as 
1 per cent of the total nitrogen, this wms taken mto consideration m cal- 
culating the equivalence values 

The samples weie hydiolyzed foi microbiological assay m the autoclave 
with 4 N sodium hydi oxide for IG hours Cysteme was used as a stabihzmg 
agent according to the pi ocedure desciibed in the precedmg pubhcation (3) 
Tryptophan was deteimined microbiologically by the method of Kuiken, 
Lyman, and Hale (3) Chemical determinations were made by the method 
of Graham, Smith, Hiei , and Klein (4) 

RESULTS AND DISCUSSION 

The piotein and tryptophan content of the fresh meat and also the 
average tryptophan content of the meat piotems are given m Table I 
In most cases, vaiiations in the tiyptophan content of the three samples of 
the same land of tissue (all from different animals) w'ere quite small The 
agreement wms even better when the data were expiessed as percentage of 

* This investigation was supported by a grant from the Amencan Meat Institute 
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(ho piotom hnei w i-, the c\t option The values foi the tryptophan 
loiUcnt (it th(' htol h\(>i "unplt-, weie \ciihed bj’’ repeated analyses 

Si,fnihc rut diliouiurs wne loirnd in the tryptophrn content of the 
piotoin nr llu* \ iiiou^ oi^ ms, but the ti 3 'ptoph tn corrteirt of the same organ 
from beef, poik, uul 1 unb w is \eiy neiil}’’ the same /Vs compared with 
rnu'-cle tissue, the tiyptoph in rontent of hvei and krdnej’’ was substantially 
highei '1 In mils piotom contained much less tiyptophan than any other 
tissue in 1 I 3 zed 

Agreement between the \ ilues found in the literature for the tryptophan 
content of dilloiciit kinds of me it is better than for some of the other ammo 
acids riic i line icienth icpoited by Graham and associates (4) for beef 
muscle ind the \ ilucs gnen bj Gieenhut, Schweigert, and Elvehjem ( 11 ) 
for beef In ei , tongue, he u t, and kidnej'^ are in excellent agreement with the 
data pie-ented licic llcuh, flunks, and Robinson (5) determmed tryp- 


1 vnee II 

CumparatiiL Data Ublaiucil by Chemical and Mtciobiological Methods 


TlSaUC 

Tryptophan m protein* 

Microbiological assaj 

Chemical analysis 

Pork liver 

per cent 

1 71 

per cent 

1 65 

Beef “ 1 

1 62 

1 59 

“ ‘ 2 

1 66 

1 61 

loin I 

1 28 

1 33 

*t * ^ 

1 1 21 

1 29 

brisket 

I 1 21 

1 27 


* Calculated to IG per cent nitrogen 


tophan on meat samples w Inch had been w ashed w'lth boihng w atei It is 
to be expected that the loss of non-protem nitrogen by this procedure wmuld 
result in slightly higher tryptophan values when the data are expressed as 
percentage of the piotem (calculated to 16 per cent nitrogen) In view^ of 
this difference m the method of piepaimg the samples, it was considered 
that the data presented here are m very satisfactory agreement ivith the 
report of these mvestigatois 

It w'as of interest to compare data obtamed by a chemical method of 
analysis and by miciobiological assay of identical samples Table II show^s 
that the values obtamed by the two methods were m satisfactory agreement 

SUMMARY 

The tryptophan content of 56 samples of meat was determmed by a 
microbiological assay procedure The test organism was Sh eptococcus 
faecahs R 
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TRYPSIN INHIBITOR OF EGG "WHITB 


The antitiyptic activity of egg white was found to be equally distributed 
between the thin and thick white within experimental error (Table I) 
The lepoited values aie the average of closely agreeing results for three eggs 
analyzed separately The solids content of the thm and thick white aver- 
aged 12 8 (±0 1) and 13 0 (±0 1) pei cent, respectively This equal dis- 
tribution of antitryptic activity m thick and thin egg white differs from the 


Table I 

Inhibitor Activity of Components and Fractions of Hen's Eggs 


Component or fraction of egg 

Inhibitor activity 
(dry weight basis) 

Inhibitor, yidd* 


untis per ms 

per cent 

Egg white (a) Whole (standard) 

1 00 

100 

(6) Thin 

1 05 


(c) Thick 

1 03 


Egg yolkf 

0 004 


Livetin 

0 060 


Ovalbumin (a) (NH 4 ) SO 4 ppt 

1 2 

72 

(6) 3 times recrystallized 

<0 2 

<12 

Conalbumin 

<0 2 

<3 

Globulin fraction 

1 0 

12 

Lysozyme 

<0 2 

<1 

Ovomucoid (a) Prepared by heating 

1 1 

14 

(6) Prepared without heating 

9 0 

105 

Avidm (a) Crude 

3 0 


(6) Purified 

<0 2 

.. 


* Calculated on assumptions that fractions tested were pure and that dry egg 
white contains 60 per cent ovalbumin, 14 per cent conalbumin, 12 per cent globulins, 
3 per cent lysozyme, and 11 per cent ovomucoid, unaccounted for 3 per cent These 
assumptions are approximations but serve the present purpose The percentage 
compositions are based on Table II of Longsworth el at (1) and, for ovomucoid, t e 
data of Sprensen (15) (see Table III) , 

t The yolk and livetin samples were prepared with special care to ensure eir 
purity with respect to egg white The unbroken yolk was separated from the w ^ 
washed in salt solution and then in water, dried by rolling on clean cloth, an ay 
broken in such a way that the outside of the yolk membrane, which was iscar e , 
practically did not come in contact with the yolk contents 


leport of Balls and Swenson (4) that the inhibitoi was concentrated m the 

thin white rnther 

Because of this findmg, recognized components of whole egg w i ^ 

than of thm white, weie assayed for antitryptic activity Table 1 s o 
that the antitryptic activity of egg white did not appear to be 
with egg albumm (crystaUme), conalbumm, the globulms, avidm, 
Jvomucoid prepared by a heatmg procedure Ciude avidin (500 avidm 
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Toial nihogcn u ib (letcimmccl by the micio-Kjeldahl method uith HgO 
I'l i c>tilj--t imino nihogcn ^\as detoimincd by the manometnc Van 
SI3 kc method u Jth i 15 mmutc icaclion tune Optical i oiaiion was detei- 
mmed in o pci lent iqucous solution Total sugai w as deteimmed by the 
03nnidc methods desti ibed by hlilitzei (0) on an acid hydiolysate prepared 
IS described below foi (.j'stme analj^sis Moistuie content was obtained by 
deteiinining tlic lo-s in wciglit at 70® m 1 vacuum o\en The molecular 
iLcujht W.1S deteimmed b} the osmotic piessuie method of Bull (10) A 1 
per cent solution of mhibitoi in 0 I n NaCl ivas used m these measiuements 
In ordei to facilit ito the development of equilibiium conditions, fiesh mem- 
branes weie used altei thiec 01 foui deteimmations Acetyl content was 
deteimmed b}’ the method desciibed bj’' Elek and Hai te (11) Total sulfui 
was determined bj the sodium pciovide fusion method Tyiosine and 
h yplophaii nnal3 ses w ei e made b}'- the methods of Thomas (12) and of Horn 
and Jones (13), lespectivelj Cystine ms deteimmed b}" the method of 
Sullnan (14) Hydiolysis was earned out b3' lefluxing a 0 5 gm sample 
with 12 ml of IS pei cent IICl foi 71 hours m an oil bath at 145° ± 5° 
The hydrolysate was mixed with chaicoal (noiit A), filteied, and w'ashed 
with 0 1 N IICl The filtrate was adjusted to pH 3 5, made to 50 ml 
with 0 1 N IICl, and analyzed accoidmg to the proceduie described m the 
leference 


Results 

Occuirence of Antitiyplic Activity in Various Inactions of Hen’s Eggs — 
^Vntitryptic activity was found to occui almost exclusively m egg white 
Table I shows that egg jmlk contains only about 0 4 pei cent as much anti- 
trj^ptic activity as egg white (diy weight basis) The antitiyptic activity 
of livetm calculated to a whole yolk basis (0 060 X 0 067 == 0 0040 umt) 
mdicates that the yolk tiypsin inhibitoi appeals quantitatively m the 
livetm fi action of the yollv The livetm sample used m this expeirment 
W'as piepaied flora other eggs than those used m the assay of whole yolk 
Studies of tlie variation in inhibitoi content of the yolk and thenatuie of the 
yolk inhibitoi have not been undei taken Nevertheless, these data would 
appeal to be the best, though inconclusive, ev idence that small amounts of 
ovomucoid occui in fiesh egg yolk An mdication that ovomucoid occuis 
in fiesh egg yolk is obtained fiom the lesults of Fraenkel and Jellmek (16), 
who found that commeicial “yolk albumm” fiom lecithm pieparation con- 
tamed carbohydiate identical with that m ovomucoid Their results aie 
inconclusive, not only because of the inferential nature of the aigument 
based on the identity of caibohydrate but also because it seems likely that 
the “yolk albumm” used by them was contammated with egg white 



568 


TRYPSIN INHIBITOR OF EGG "WHITB 


The antitiyptic activity of egg white was found to be equally distributed 
between the thin and thick white within experimental error (Table I) 
The lepoited values aie the average of closely agreeing results for three eggs 
analyzed separately The solids content of the thm and thick white aver- 
aged 12 8 (±0 1) and 13 0 (±0 1) pei cent, respectively This equal dis- 
tribution of antitryptic activity m thick and thin egg white differs from the 


Table I 

Inhibitor Activity of Components and Fractions of Hen’s Eggs 


Component or fraction of egg 

Inhibitor activity 
(dry weight basis) 

Inhibitor, yield* 


untis per ms 

per ceni 

Egg white (o) Whole (standard) 

1 00 

100 

(6) Thin 

1 05 


(c) Thick 

1 03 


Egg yolkf 

0 004 


Livetm 

0 060 


Ovalbumin (o) (NHd SOi ppt 

1 2 

72 

(6) 3 times recrystallized 

<0 2 

<12 

Conalbumin 

<0 2 

<3 

Globulin fraction 

1 0 

12 

Lysozyme 

<0 2 

<1 

Ovomucoid (a) Prepared by heating 

1 1 

14 

(5) Prepared without heating 

9 0 

105 

Avidin (a) Crude 

3 0 


(6) Purified 

<0 2 



* Calculated on assumptions that fractions tested were pure and that dry egg 
white contains 60 per cent ovalbumin, 14 per cent conalbumin, 12 per cent globulins, 
3 per cent lysozyme, and 11 per cent ovomucoid, unaccounted for 3 per cent These 
assumptions are approximations but serve the present purpose The percentage 
compositions are based on Table II of Longsworth el at (1) and, for ovomucoid, t e 
data of Sdrensen (15) (see Table III) , 

t The yolk and livetin samples were prepared with special care to ensure eir 
purity with respect to egg white The unbroken yolk was separated from the w ^ 
washed in salt solution and then in water, dried by rolling on clean cloth, an ay 
broken in such a way that the outside of the yolk membrane, which was israr e , 
practically did not come in contact with the yolk contents 


leport of Balls and Swenson (4) that the inhibitoi was concentrated m the 

thin white mther 

Because of this findmg, recognized components of whole egg vmite, r 

than of thm white, weie assayed for antitryptic activity Table 1 s o 
that the antitryptic activity of egg white did not appear to be 
with egg albumm (crystaUme), conalbumm, the globulms, avidm, 
ovomucoid prepared by a heatmg procedure Ciude avidin (5 
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units pel mg ) evidently contains some inhibitoi as impmity compared with 
pill died a\ idm (2500 i\ idin units pei mg ) Ovomucoid piepaied without 
resot t to heat tieitment possessed high antitiyptic activity and on a 100 
per cent yield basis contained all of the inhibitoi of egg nhite It is perti- 
nent that the o\ albumin (Fi action A) obtamed by ammonium sulfate pre- 
cipitation contains about 70 pei cent of the antitiyptic activit}’’, since Longs- 
vortli ci al (1) shoved that this fiaction contams considerable ovomucoid 
The high anfitryptic activity of this fraction is consistent therefore with 
other results that indicate the identity of the tiypsin inhibitor and ovomu- 
coid 

Preparation of Egg While Tigpstn Inhibitor (Ovomucoid ) — ^Trypsm in- 
hibitor was prepaied by the method of Balls and Swenson (4), by salt fiac- 
tionation, and by three slightly diffeiing pioceduies mvolving the use of 
trichloroacetic acid and acetone /ill of these procedui es i esulted m inhibi- 
tor preparations that had the same inhibitor activity, within evpeiimental 
error The activity of these preparations indicated about a 9-fold purifica- 
tion of the inhibitor (cf Table I) The tiichloioacetic acid-acetone 
methods were valiants of the procedure described below The Balls and 
Swenson procedui e involved ammoniacai extraction of acetone-ethei-diied 
egg white, heatmg to 75-80° at pH 5 (acetic acid) foi 5 to 10 minutes, and 
precipitation of the soluble solids w ith alcohol The salt fi actionation pi o- 
cedure mvolved removal of globulms at half saturation wuth sodium sulfate, 
removal of albumm by crystallization, removal of conalbumm by adjustmg 
the crystallization filtrate to pH 3 in the cold, piecipitation of the inhibitor 
by saturation wuth ammonium sulfate, solution and dialysis of the inhibitor, 
and finally, precipitation of the inhibitor w'lth alcohol 

The following trichloroacetic acid-acetone method of preparmg the m- 
hibitor IS not necessarily the best under mild conditions, but it was satisfac- 
tory for our purpose and has been used more or less routmely Egg white 
at 25-30° IS adjusted to pH 3 5 by the slow addition of about 1 volume of a 
trichloroacetic acid-acetone solution (1 volume of aqueous 0 5 m tiichloio- 
acetic acid plus 2 volumes of acetone) The egg w^hite is stm ed thoroughly 
durmg the addition and for 15 to 30 minutes theieaftei It should then 
have a thick granular creamy appearance The cieamy mixtuie is filtered 
by gravity for about 18 hours, prefeiably m the cold If appreciable pre- 
cipitate develops m the filtrate, it should be refiltered A sample of the 
filtrate should remam practically clear when heated to 80° for 5 mmutes 
Additional filtrate may be obtamed by pressmg the precipitate, but it is 
usually discarded The inhibitoi is precipitated by adding 2 to 2^ volumes 
of 99 per cent acetone to the filtiate The character of the precipitate 
seems to vary If it settles rapidly (15 to 30 mmutes), the supernatant is 
decanted, even though it is somewhat cloudy Additional acetone is added 
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to the sediment, b Inch is finally collected by giavity filtiation If the pie 
cipitate does not settle, it should be collected by filtiation on a Bucluier 
funnel ith Cehte filtei aid The filtei cake is suspended m a volume of 
watei equivalent to 0 05 to 0 1 the volume of the filtiate The Cehte is 
lemoved by filtiation and the inhibiloi piecipitated with acetone In this 
case it should settle lapidly and peimit decantmg The inhibitoi should 
be dissolved m v atei adjusted to pH 4 5 and dialyzed to lemove tiichloro- 
acetic acid, which otheivise tends to piecipitate with ovomucoid as a salt 
The inhibitoi is finally piecipitated fiom the dialysate, v ashed with acetone 
and ether, and au-diied at room tempeiatuie The yield of mhibitoi is 40 
to 50 pel cent of the total inhibitoi of egg w'hite on an activity basis and is 
about 0 7 gm dry weight pei 100 ml of egg w'hite The piepaiation con- 
tams about 8 5 mliibitoi units pei mg This method is satisfactoi^'' foi 
piepaimg inliibitoi fiom egg white fiom which lysozyme has been recoveied 
by the direct ciystallization procedure of Aider ton and Fevold (17) 

Failw e to Sepm ate Ankt) yptic Adtmiyfi oi7i Ovomucoid by Fractionation — 
Foui Imes of evidence mdicate that the or omucoid fraction of egg white is 
identical w ith antitiypsm (a) All mhibitoi piepaiations with high activity 
(8 5 to 9 5 units per mg ) w eie obtamed by methods that jueld ovomucoid, 
(b) all ovomucoid piepaiations that we tested, except those piepaied by 
severe heat tieatment, possess this same high activity, (c) the activity of 
8 5 to 9 5 units pei mg foi the ovomucoid coiiesponds to 11 8 to 10 5 pei 
cent ovomucoid m diy egg w'hite, w hich appioximates the peicentages, 11 7 
and 12 6, lepoited by Spiensen (15) and by Longsw'oith et at (1) M- 
feiences of this ordei might lepiesent expeiimental eiioi oi tme differences 
m the composition of eggs, smce vaiiations m the piotem composition of 
egg W'hite have been noted (1) Although a systematic study of the vaiia- 
tion m antitiyptic activit}’- and ovomucoid has not been made, mcidental 
obseivations mdicate that antitiyptic activity of egg w'hite does not var}' 
more than 20 pei cent, and possibly much less, (d) a limited electrophoiesis 
study made by W H Waid of this Laboiatory mdicated that the majoi, 
if not the sole, component of one of oiii puiified mhibitoi piepaiations was 
ovomucoid That is, the boundai 3 '' migiated at essentially the same rate as 
was repoited by Longswoith et at (1) foi ovomucoid 

In spite of these stiong indications that the mhibitor and ovomucoid are 
identical, attempts w ere made to separate the mhibitoi from ovomuco d y 
fractionation These attempts weie especially impoitant m viev of t e 
repoit by Balls and Swenson (4) that one of then pieparations of mhi i oi 
had 150 tunes the activity of diied thm w'hite compaied w ith the maximum 
w e have obsei ved of about 9 times Attempts to repeat the preparation o 
highly active mhibitoi by the methods used by Balls and Swenson have uni 
formly given, m oui hands, pi eparations of 8| to 9 times the activity o le 
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egg white Vs prcMously mentioned, the lesults of these and earlier 
woikei'b m 13^ li i\ c been influenced b3'’ then use of enzyme piepaiations con- 
taining in 1 ugo p at enzyme pieciusois and enteiokmase,w'heieas thisstudy 
conteins only tlic diicct inhibition of ti3'-psin puiified by ciystalhzation 
A 13 pel cent solution of ovomucoid was fiactionated w’lth acetone and 
ilso witli immonium sulfite at pH 4 3, tlie isoelectiic point of ovomucoid 
(1) Precipitation w ith acetone began when slightly moie than 14 volumes 
of acetone had been added The acetone piecipitates weie ivashed wuth 
acetone aid diied The fiist ammonium sulfate fi action wms separated at 
about 2 6 At ammonium sulfate (about 0 65 satuiation) The ammonium 
sulfate piecipitates weie dissolved in watei, dialyzed until sulfate-fiee, pre- 
cipitated Avith acetone, and dried The yields and activities of these fiac- 
tions are given m Table II The small diffeiences m activities foi the 
seveial fi actions aie not significant These lesults shoAv that antitryptic 


Table II 

Fractional Precipitation of Antitrypsin (Ovomucoid) with Acetone 
and Ammonium Sulfate 


Fraction 

Acetone fractionation 

1 

1 (NHi)jS 04 fractionation 

Yield 

Activity 

Yield 

Activity 


per cent 

per ms 

per cent 

units per ms 

Original 


9 0 


9 0 

1st 

50 i 

9 1 

19 

9 5 

2nd 

26 

9 2 

27 

9 4 

3rd 

13 

9 5 

13 

9 0 

Handling loss 

11 


41* 

1 


* The loss in this experiment was unusually high 


activity is not leadily sepaiable from ovomucoid by fractional piecipitation, 
which, of course, Avould be the case if antitiyptic activity Avere mdeed a 
characteiistic of “native” ovomucoid Subsequently, m this papei the 
teims “active ovomucoid” and “mactive ovomucoid” wiU be used, lespec- 
tively, to designate ovomucoid with high antitiyptic activity (“native” 
ovomucoid) and ovomucoid Avith little 01 no antitryptic activity 
(“denatured” ovomucoid, see beloAv) 

Simtlai tiij of Chemical and Physical Chai aclei ishcs of “Active” Ovomucoid 
and Ovomucoid Described in Literatwe — Ovomucoid as geneially desciibed 
m the literature contams 11 7 to 12 7 per cent nitiogen, 2 2 to 2 5 pei cent 
sulfur, and 20 to 25 pei cent carbohydrate (mannose plus hevosamme), 
and has an optical lotation of —55° to —71° (see Meyei (18, 19) and Table 
III) The data of Table III, Avhich aie assembled m mveise chronological 
Older except for those of Balls and SAvenson, shoAv that chemically and 




Tabli^ III 

Comparison of Analytical Data on “Active" Ovomucoid with Analytical Data on Ovomucoid yl6 Reported in Literature 
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physically ovomucoid is, m general, similar to inhibitor preparations made 
by Balls and Swenson and by the piesent authois The low sulfui figures 
reported by Young and the low caibohydrate figuie by Needham seem to be 
in erroi Our v vines foi cai bohydrate content of active ovomucoid is given 
as 521 G per cent, beciuse an eiioi is mtioduced in the cyanide method 
described by Militzei when large amounts of cystme are piesent The ob- 
served value corresponded to 26 4 per cent carbohydrate (as glucose) which 
yielded a minimum value of 21 6 pei cent after coirection for cystme The 
correction was made bj’’ assummg that all of the cystme reacted with 
cyanide duimg the alkalme titration The true value, of course, would be 
larger than 21 6 per cent by the degiee to which cystine failed to react with 
the cj'^anide The nitiogen content of 10 6 pei cent repoited by Balls and 
Swenson is appreciably lower than the othei values In our hands the 
method of Balls and Sw^enson yielded ovomucoid havmg 8 7 units of activity 
per mg and a nitrogen content of 11 9 per cent Our most active ovomu- 
coid preparation had a nitiogen content of 13 3 (±0 2) per cent The 
moleculai w eight of 29,000 foimd for ovomucoid m this work is much lower 
than the 49,300 repoi ted by Mazza (25) Because of mability to obtam 
his origmal publication, details of his method have not been available to us 
Since Mazza may have w'orked wuth ovomucoid prepared by a heatmg pioc- 
ess, the molecular W'eight of heat-inactivated ovomucoid is of mterest 
Determmation of the molecular weight of mactivated ovomucoid, however, 
revealed no significant diffeience fiom that of fully active ovomucoid (27,- 
900 compared with 28,800) Other characteristics that were not signifi- 
cantly altered by heat mactivation mclude acetyl content (range 4 5 to 5 2 
per cent), optical rotation, and nitrogen content 
The ovomucoid prepared in this work contamed the followmg percentage 
amounts of various ammo acids, cystme 6 4, tyrosme 4 9, tryptophan 
^03 Earlier values reported for ovomucoid are 4 8 to 5 4 (26) and 4 0 
(22) per cent cystme, 3 3 to 3 6 per cent tyi osme (26), and 1 6 to 2 0 per cent 
tryptophan (26) Baernstem (32) reported 1 7 per cent methionme m ovo- 
mucoid This methionme value and the cystme value (6 4 per cent) cor- 
respond to 91 per cent of the sulfur (2 2 per cent) found m ovomucoid 
Active and inactive ovomucoid gave a negative nitioprusside test m the 
absence of alkalme cyanide, which mdicates the absence of free — SH groups 
m both active and inactive ovomucoid A weak but definitely positive 
nitroprusside test was obtamed for active ovomucoid m the presence of 
alkalme cyanide, w^hich mdicates the presence of “free” S — S groups The 
test with mactive ovomucoid was about 5- to 10-fold stronger than with 
active ovomucoid This, of course, mdicates that “denaturation” as or- 
dmarily understood accompanies mactivation (see the section on denatura- 
tion) 
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The charactemtics of ovomucoid ivith high antitiyptic activity (Balls 
and Sv enson (4) and oui preparation) do not appear to diffei significantly 
from the chaiacteiistics repoited in the liteiatuie for ovomucoid Charac- 
teristics that would distmguish between the native and denatured state 
have not been reported previously for ovomucoid 

“Denaiiirahon” and Inactivation of Ovomucoid — ^Although the antitryptic 
activity of ovomucoid is destioyed by heatmg m solution, it is much more 
stable to heat than are most protems Like papam (33), it is stable m 9 m 
urea Table IV and Fig 2 give data foi heat lability and urea stability of 
active ovomucoid Table IV also shows that a “3 mmute egg” contains 
about two-thirds and a “10-mmute egg” about one-fourth of the origmal 
inhibitoi activity Although the heat mactivation of ovomucoid does not 
appeal to be a function of pH between pH 3 and 7 (Fig 2), the activity is 
1 apidly lost at 80° at pH 9 This is m Ime with the alkali labihty of the in- 
hibitor shown by Balls and Swenson (4), and evplams the loss m activity 
that occum on boilmg shell eggs, smce the pH of the white is generally above 
8 5 It also agiees with the lepoit of Delezenne and Pozerski (6) that the 
inhibitmg action was largely destroyed by heatmg egg white to 70° for 30 
mmutes 

Ovomucoid m dilute solution is not piecipitated by hot 5 per cent tri- 
cliloioacetic acid, noi does it become msoluble at the isolectiic pomt when 
its activity IS completely desti oyed by heat However, two criteria besides 
loss of activity show that ovomucoid is “denatured” by heatmg m solution 
Fust, the mtensity of the nitiopiusside test m the presence of cyanide is 5- 
to 10-fold gieatei for the mactive than foi the active ovomucoid Second, 
active ovomucoid is practically resistant to hydrolysis by chymotrypsm, 
wheieas mactive ovomucoid is rapidly hydrolyzed by chymotrypsm (Table 
V) This resistance is due only m pai t to inhibition of chymotrypsm by 
active ovomucoid Thus, although chymotiypsm appears to be markedly 
inhibited by active ovomucoid at the concentrations cited m Table V, the 
mhibition is not sulEcient to prevent hydrolysis of mactive ovomucoid m 
the presence of active ovomucoid Similar results weie obtamed with pa- 
pam Chymotiypsm did not cause a decrease m inhibitoi activity m eithei 
of the runs nheie active inhibitoi nas present Smce denatured protems 
aie geneially moie i apidly hydroB’^zed by enzymes than are native proteins 
(34, 35), the digestibility of heat-treated ovomucoid constitutes evidence 
that ovomucoid is denatured by heat The extent of hydrolysis of inactive 
ovomucoid (7 per cent of the estimated number of peptide bonds) mdica e 

that a major component m the prepaiation IS bemg hydrolyzed ^ 

Stoichiometric Relation between Trypsin and Ovomucoid at 60 Per 
Inhibition Level— Table TI shows that somewhat less than 1 ° 

active ovomucoid causes 50 per cent inhibition of 1 molecule of ryp 
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Table IV 

Stability of Anltlrypsin to Urea and Heal 


Treatment* 

Residual activity 


per cent 

9 11 urea, 25°, 18 hrs 

>90 

9 “ “ S0°, J hr 

>90 

9 “ “ 100°, i 

86 

9 “ “ 100°, i “ 

66 

pH 3, S0° (H 0), i hr 

>90 

“ 6, 80° “ i “ 

>90 

“ 7, 80° “ i “ 

>90 

“ 9, 80° “ i " 


3 nun egg 

66 

10 “ “ 

25 


* The urea solutions, iihich were unbuffered, had a pH of about 4 The aqueous 
solutions wore buffered with 0 1 n aeetate at pH 3 and 6 and wnth 0 1 n borate at pH 
9 The inhibitor concentration was 0 1 per cent in all cases About 30 seconds were 
required to reach the indicated temperature and to lower the temperature to 20° after 
heating Heating w as earned out by manual rotation of a test tube which contained 
the antitrypsin solution in a water bath, and cooling by rotation of the tube in an 
ice bath 



0 5 10 15 

TIME -HOURS 


Fig 2 Destruction of antitryptic activity at pH 3, 6, and 7 at 100° 

The finding that proportionately more ovomucoid is lequired to cause this 
inhibition at lower trypsm concentrations than at the higher concentiations 
IS consistent with the mechanism represented by the folloiving equation 

Enzyme inhibitor enzyme — inhibitor complex 

The constancy of the dissociation constants reported m Table VI mdicates 
that this mechamsm is acceptable quantitatively If one inhibitor mole- 
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cule combined with seveial enzyme molecules, the K values would vary 
wuth enz 3 Tne concenti ation The repoi t by Young (36) that ovomucoid ex- 
hibits only one boundaiy m the ultiacentiifuge makes it difhcult to see how 
the inhibition of tiypsm by ovumucoid could be due to a small amount (5 

Table V 


Hydrolysis of Active and Inactive Ovomucoid by Chymotrypsin 


1 

Time 

A ml 0 02 II NaOH* 

100 mg active ovomucoid 

100 mg inactive ovomu 
coidt 

Active + inactive ovorau 
cold 

hr 




X 

3 

0 00 

1 08 


3 

0 10 

2 22 


24 

0 07 

2 SO 

1 15 


* Hydrolysis was earned out at pH 7 8 with 1 mg of chymotrypsin protein in a 
total volume of 3 ml The A values determined by a formol titration procedure cor 
respond to increases in carboxyl groups 

t The "inactive” ovomucoid was about 96 per cent inactive 

Table VI 


Stoichiometric Relation between Trypsin and Ovomucoid at SO Per Cent Inhibition 

Level 


Trypsin 

Ovomucoid giving 50 % inhibition* 

Dissociation constant K\ 

ffwJgs per 1 X 

moles Per 1 X iO® 

moles per 1 XiO’ 

76 

55 

17 

95 

63 

ae 

129 

83 

Ts 

139 

85 

16 


*The values in this column were obtained by interpolation from a smooth curve 
relating inhibition and ovomucoid concentration 

t In these experiments the enzyme and inhibitor were allowed to stand together 
for 10 minutes in 1 ml of water before being added to the 5 ml of hemoglobin sub 
strate A 10 minute digestion period was used The mu per liter were obtained by 
multiplying the mu per reaction mixture by 1000/6 Within experimental error, the 
inhibition is independent of time of digestion when the preliminary standing tech- 
mque IS used, but is markedly dependent (increases greatly) on time of digestion 
when the inhibitor is added to the substrate before the enzyme is added 

to 10 pel cent) of a low molecular weight, yet non-dialyzable impurity m 

ovomucoid , 

Miscellaneous Observations— Antitryptic activity of egg white is 
by heatmg it m the dry state Samples of lyophilized egg white lost 40, 9 , 
and >99 per cent of then: antitryptic activity when heated for 18 hours a 
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60°, 110°, and 110°, lesjiei- lively The results with these samples, which 
weie supplied by D Iv i\Iecham and II S Olcott of this Laboratory, con- 
stitute additional evidence that marked changes occur in proteins heated in 
the dr3' st ite (Mecham and Olcott (37)) 

Ovomucoid prepaied as mdicated pieviously shows marked gelling pi op- 
erties under certain conditions A 20 pei cent solution of ovomucoid in 
distilled u ater u ill gel in several hours at loom tempeiature if acidified with 
a fen drops of 3 0 u trichloroacetic acid The resulting pioduct is tians- 
parent and will dissoh e slowly in water A 20 per cent aqueous solution 
will also gel in alkali (pll S to 10) if placed m a boilmg water bath foi 5 to 15 
minutes However, a 20 pei cent solution made acid with HCl to pH 2 0 
to 3 0 w ill not gel in boiling w'ater even aftei 3 t houis The gel foimed by 
heat in alkalme solution is insoluble in water In geneial, gellmg results in 
partial loss of mhibitoi activity For example, 37 pei cent of the activity 
was lost when gelation w'as brought about with trichloroacetic acid If 
conditions are sufficiently drastic, complete inactivation will lesult 

DISCUSSION 

There is no reason to doubt that the tiypsin inhibitor pieparations made 
by Balls and Sw'enson (4) and by us are ovomucoid (cf Meyer et al (5)) 
Smce ovomucoid has not been shown to be a single substance, it would be 
conceivable that the inhibitoi is only a small fraction of what is usu- 
ally recognized as ovomucoid That this is not the case is mdicated by the 
agreement of the antitryptic activity and ovomucoid yields, by failure of 
several attempts at fiactionation, by the electrophoietic behavior of the 
preparation, and by the apparent molecule for molecule inhibition of tryp- 
sm by ovomucoid It w'lU be recalled that a similar stoichiometric relation 
was found for beef pancreas-trypsm mhibitoi and trypsm (38) Electro- 
phoretically, active ovomucoid appeared to be homogeneous, though it is 
possible that moie extensive mvestigation would reveal a spreadmg bound- 
ary such as Longswwth et al (1) reported There ivas no evidence of three 
boundaries as lepoited by Young for ovomucoid at 2 7 pei cent concentra- 
tion A reversible spreadmg boundary as found by Longsworth would m- 
dicate that ovomucoid is electi ophoietically inhomogeneous On the other 
hand, the smgle boundary found by ultracentrifugation (36), togethei with 
the molecule for molecule inhibition of tiypsm by ovomucoid, mdicates that 
at least the majority, if not all of the molecular species (if there is more than 
one), possess antitryptic activity 

Kunitz (39) noted that soy beau trypsm inhibitor differs markedly in 
physical and chemical properties from the beef pancreas trypsin inhibitor 
It now appears that the egg white trypsm inhibitor (i e active ovomucoid) 
differs markedly from both the pancreas and soy bean tiypsm inhibitors 
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Thus, the inhibitoi fiom panel eas has a molecular weight of about 6000, 
passes sloM ly thiough cellophane membranes, is not precipitated by hot oi 
cold 2 5 pel cent tiichloroacetic acid, and con tarns about 11 per cent nitro- 
gen (38), the mhibitoi fiom soy bean does not diffuse thiough cellophane 
membianes, is precipitated by tiicbloroacetie acid, and contains 16 pei cent 
mtiogen and no caibohydiate (39), while the mhibitoi fiom egg white has 
a moleculai eight of about 29,000, does not diffuse thiough cellophane 
membianes, is not piecipitated by hot or cold tiichloroacetic acid (anote- 
M 01 thy fact, m view of the moleculai v eight), contams 13 pei cent nitro 
gen, and about 25 pei cent caibohydrate Both the pancieatic and egg 
white tiypsm inhibitois aie lelatively stable to heat compared n ith the soy 
bean mhibitor 

Ovomucoid IS the fourth piotem of egg vhite to be shonn to have bio- 
logical activity Avidm, as is well known, combmes with biotm in such 
a A\ ay that it causes biotm deficiency if piesent m the diet m sufficient quan- 
tity (40), lysozyme has been shown lecently (41) to be identical with the 
globulm Gi desciibed by Longswoith e( al (1), and conalbumm has been 
show n lecently to be the component of egg w hite that combmes so strongly 
with non that it causes non deficiency foi the giowth of ceitam microoi- 
ganisms (42, 43) All foui of these proteins have m common the property 
of limiting biological activity, and it theiefore seems likely, as has been 
suggested foi lysozyme many tmies, that they all play a pait m natural 
resistance of the egg to nnciobial infestation These piotems may also 
play apaitm the prevention of lapidautolysisof eggs 

While discussmg biological activity it should be mentioned that recent 
lepoits indicate that soy bean antitiypsm causes giowdh letaidation of ani- 
mals (44^6) and acts as a blood anticoagulant (47), also, high concentra- 
tions of pancieatic antitiypsm, but not of soy bean antitiypsm, eiJiibitja 
mtio antibiotic activity towaid /3-hemolytic stieptococci. Staphylococcus 
aw eus, and Escherichia coli (48) Both of these antitrypsms inhibit fibrin- 
olysis by (S-hemolytic streptococci fibrinolysm Giob (49) earliei concluded 
that antitrypsin m low concentiation retards bacteiial giowdh through pre- 
vention of pioteolysis m the medium Native ovomucoid appears suitable 
foi mvestigation of the antibiotic, anticoagulant, oi giow th-ietardmg effect 
of egg w^hite tiypsm mhibitoi . 

Smee egg yolk contams veiy little trypsm mhibitoi activity, it wo 
appeal possible to develop a simple method foi determmmg the amoimt o 
egg w'hite piesent as a contammant m commercial yolk preparations y 
deteimmmg then antitryptic activity Cook and Mehlenbacher (5 ) re^ 
cently developed a method foi deteimmmg the degree of contammation o 
egg white by yolk with cholesterol as an index 
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SUiniARY 

Vntitii ptic Jty IS eqii illy distiibutcd in the thm and thick white of 
the ogg Egg yolk coni iins aboutO 4 pci cent is much antitiyptic activity 
us the white (di v w eight basis) 

The intitijptic u tivity of egg white ippeued quantitatively m the ovo- 
imitoid fi lotion of egg white wJien it w.i.s piepaied withoutheat treatment 
Vttempts to fi u tion ite ovomucoid into components with high and low 
intUr;>ptio ictuit^ filled Limited electrophoiesis mns failed to reveal 
the presence of piotein othci than ovomucoid Less than 1 molecule of 
o\ omucoid IS icqiiiied to e uise 50 pei cent inhibition of 1 molecule of tiyp- 
sin Ilcat-dcnatuied o\ omucoid his little oi no antitiyptic activity 
Quantitatne mteipietation of these findings lea\e little doubt that anti- 
tr3'ptic actn it}’- is i thaiacteiistic of natne ovomucoid 

X iti\ e o\ omucoid is complete!}" lesistant to hydi olysis by chymotiypsin, 
which it onl} paitially inhibits, wheieas heat-denatui ed ovomucoid, which 
possesses little oi no antitiyptic activity, is leadily hydiolyzed by chymo- 
trypsin ev cn in the pi esence of activ e ovmmucoid The test foi S — S gi oups 
(nitiopiusside with cyanide) is about five times as stiong for denatmed as 
foi iiitne o^ omucoid Both native and denatmed ovomucoid aie vmiy 
soluble in w atei 

Ovomucoid, piepaied as desci ibed in this papei , has an aveiage molecular 
weight of 29,000 and an optical lotation of —56° ([a]^°) Analysis le- 
vealed the follow uig peicentage composition total nitiogen 13 3, ammo 
nitrogen 0 7, acetyl, 4 5 to 5 2, sulfui 2 2, cystine 6 4, tyiosme 4 9, tiypto- 
phan, 50 3, caibohydiate, ? 21 6 (as glucose), SH, none detectable 

A method is given foi prepaiing ovomucoid without lesoit to heat treat- 
ment 

We aiemdebted to the following associates Di H L Fevold foi samples 
of egg white globulm, conalhumm, and lysozyme, and for the samples of 
avidm which oiigmally came fiom Di Vmcent du Vigneaud of Cornell 
Univeisity Medical College, Mi E F Jansen and Mr D K Mecham foi 
samples of heat-piepaied ovomucoid and livetm, Mr W H Ward foi the 
limited electiophoiesis study of “native” ov omucoid, Mr L M White for 
acetyl determmations, Di Hemz Fiaenkel-Coniat foi the tyiosme and 
tiyptophan analyses. Mi A Bevenue foi the sulfui analysis. Dr Sam R 
Hoovei of the Eastern Regional Research Laboiatoiy foi mforming us of 
his unpublished obsei vations on the inhibitoi , and Mis Maiy Jane Good- 
ban foi valuable technical assistance 
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(,Froin the Western Regional Research Laboratory * Albany, California) 
(Rcccu od for publication, August 20, 1947) 

Cijslctne 

Brincl and Rittcll (1) bliowcd that an acid hydiolysate of chymotryp- 
bmogen contained a considciable imount of cysteine (1 Speicent), although 
biilflijdiyl gioiips could not be demonstiated in the intact piotein, even 
aftei den itiii ition (1,2) 1 he me ining of this obseivation was not cleai 

Recent] 3 ' it was obseived m this Laboiatoij'’ that an acid hydiolysate of 
li'so/jTnc, which also lacks detectable sulfhydiyl gioiips, contained cys- 
teine 'Ihe lel itivelj' high tiyptophan contents of these pioteins (G 0 and 
S 0 pel cent, Kspcctuel}') suggested to us that this ammo acid might be 
mvohcd m the foiraation of cysteine The expenments to be desciibed 
confiimed the hyiiothcsis that tij^ptophan causes a leduction of cystine 
undei the conditions used foi the acid hydiolysis of pioteins 

In addition some fuithei factois lesponsible foi the amounts of cysteine 
deteimmablo m piotein hydiolysates hate been elucidated Foi example, 
it has been shown that tlieio is slight but detectable /oi wahoa of cysteme 
when cystine alone is heated with acids Such a leaction may account 
for the 0 G pei cent cj^stemo content of an msuhn hydiolysate lecoided by 
Bland (3) On the othei hand, Halwei and Nutting (4) hate lecently 
called attention to the disappeai ance of cysteme fiom acid hydiolysates of 
pioteins Cysteme, added eithei befoie or aftci acid hydiolysis, could not 
be quantitatn cly lecoveied, even though oxidative destiuction (by an) was 
mmimized It has now been shown that the constituent lesponsible may 
be pymvic acid, a substance that is piesent m piotein hydiolysates fiom 
the decomposition of seime and possibly cystine peptides 

The autoxidizabihty of cysteme m hydiochloiic acid solution m the 
piesence of coppei ions has also been studied 

EXPERIJIBNTXL 

Materials and Methods — The ammo acids used weie commeicial pioducts 
Crystallme msulm w'as kmdly furnished by Eh Lilly and Company, giami- 
cidm by the Walleistem Company, lysozyme by G Alderton and H L 
Fevold, and chymotiypsinogen by E F Jansen Phosvitm is a phospho- 

* Bureau of Agricultural and Industrial Chemistry, Agricultural Research Ad- 
ministration, United States Department of Agriculture 
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protein containing 10 3 pei cent phosphoius, piesent as orthophosphate 
esteis of hydroxy amino acids ‘ The phosphorylated seiicin (8 4 per cent 
phosphoius) was piepared by treating seiicin rvith phosphoric acid contain- 
ing excess phosphoius pentoxide - 

Foi some expeiiments, concentrated hydrochloiic acid was diluted mth 
an equal volume of watei and distilled as lecommended by Hess and SuUi- 
van (5) to 1 emove oxidizing material N o benefit was noted The pyruvic 
acid was a commercial sample, redistilled before use 
In experiments designed to demonstrate the foimation of cysteme, or to 
minimize the oxidative destruction of tryptophan, the reactions were car- 
ried out m Thunbeig tubes (Sihcone lubricant) that had been evacuated 
(watei pump), filled with carbon dioxide, and then reevacuated 
Cysteme m the presence of excess cystme was deteimmed by titration 
with 0 002 01 0 005 m p-chloiomeicuribenzoate ivith nitropiusside as an 
outside indicator (6, 7) The moie specific Sullivan reaction (8) (but ivith- 
out prioi reduction mth either cyamde oi sodium amalgam) was used m 
some expeiiments to demonstrate that cysteme rather than othei reducing 
agents was being measured Foi the experiments in which the disappear- 
ance of cysteme was investigated, the ammo acid was determined by Fohn's 
uricacid reagent (9) according to the piocedureiecommendedby Anson (10) 
Tr 3 TJtophan was deteimmed by the excellent colorimetric method of 
Horn and Jones (11) 

Formation of Cysteme — As shoivn by the data m Table I, some cysteine 
is obtained merely by heating cystine in sti ong acid, probably from hydrol- 
ysis of the disulfide bond Moie is formed m sulfuiic acid than in hydro- 

RSSR -t- H2O - - — RSH -f RSOH 


chloric acid and moie at 125° than at 100° The absolute amounts obtamed, 
however, are msigmficant, except foi those observed ivith suFuric acid at 
125° 

In the presence of added tiyptophan, an appreciable fraction (20 to 30 
per cent) of the cystine is reduced to cysteine at 100-125° m 7 n hydrochloric 
acid, but the reaction is minimal in sulfuiic acid at 100° The data are 
presented m Table II In geneial the percentage of the cystme reduced 
mcreased with increasing amounts of tryptophan but stoichiometric rela- 
tionships were not found 

The same reactions were observed when cystme was present m the form 
of msulm, which contams approximately 12 per cent cystme and no tryp- 
tophan, or when tiyptophan was supplied m the form of gramicidm, w c 


1 Mecham, D K . and Olcott, H S , manuscript in preparation 

2 Ferrel, R E , Olcott, H S , and Fraenkel-Conrat, H , manuacnpt in 


preparation 
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con( lint. 10 pel cent tiyptoph m but no cystine (Table III) When insulin 
w IS hjdrolyzctl in the picscnce of 10 pei cent of its weight of tiyptophan, 


TvDLb I 

Formalion of Cystuiic from Cystine in Acid Solution* 


AciJ i 

1 

Temperaturef , 

C>stine 1 

1 

Cysteine 

found! 


mBM 


percent 

Hydrochloric (6-7 n) 



0 3 

“ (G-7 “) 



0 5 

“ (6-7 “) 



3 5 

Sulfuric (0 n) 


1 10 

2 1 

“ (6 “) 

100 

50 

2 2 

“ (6 ") 

[ 125 

! 10 

; 15 0 


* IS hours in evacuated Thunberg tubes, total volume 1 ml 
t Vir oven 

t ^Vs percentage of cystine present 


Table II 


Formalion of Cysteine from Cystine by Reaction with Tryptophan under Conditions 
Used for Acid Hydrolysis of Proteins* 


C>stmct 

Ttyplophant 

Conditions of treatment 

Cysteine 

founds 

Tryptophan 

destroyed 

mt per ml 

2 5 

per ml 

2 5 

7 N HCi, 100°, 18 

irs 

per cent 

25 

per cent 

43 

10 

10 

7 “ 

“ 100", 18 

(( 

26 

52 

2 5 

2 5 

7 “ 

“ 110", 18 

(( 

37 

56 

2 5 

50 

7 “ 

“ 110", 18 

ff 

50 

53 

5 0 

5 0 

7 " 

00 

0 

o 

H 

20 

42 

10 0 

2 5 

7 “ 

“ 110", 18 

H 

16 

92 

10 0 

10 0 

7 “ 

“ 110", 18 

it 

32 

47 

10 0 

20 0 

7 “ 

“ 110", 18 

It 

40 

55 

10 0 

1 0 

7 “ 

“ 125", 6 

tt 

4 


10 0 

3 0 

7 “ 

“ 125", 6 

it 

8 


10 0 

10 0 

7 “ 

» 125", 6 

tt 

15 


10 0 

10 0 

6 “ 

H SO4, 100", 18 

tt 

2 5 

6 

10 0 

10 0 

6 “ 

“ 125", 18 

tt 

26 

42 


* In evacuated Thunberg tubes 
t For cystine controls, see Table I 
1 For tryptophan controls, see Table VIII 
§ As per cent of cystine used 


the hydrolysate contained cysteine equivalent to 2 1 pei cent of the insulin 
used 
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The data obtained with lysozyme and chymotiypsmogen, pioteins con- 
tammg tiyptophan and cystine, but no detectable sulfhydiyl gioups, aie 
shouTi m Table IV They indicate that the same leactions occui w hen both 

Tvble hi 


Formalion of Cysteine during Uydiolysts of Amino Acid and Protein Mixtures* 


"Mixture 

Cistmc 

equivalent 

present 

Trypto- 

phan 

equivalent 

present 

C>steine found 




vts 

ms 

ms 

per cent\ 

50 

mg 

insulin 

6 

0 

0 

0 

40 

it 

“ -4-5 mg tryptophan 

5 

5 

0 oCa 

10 Co 

50 

ii 

“ 4-25 “ gramicidin 

6 

10 

1 1 

19 

100 

n 

“ -h 10 “ tryptophan 

12 

10 

2 1 

IS 

5 mg 

cystine -f 12 5 mg gramicidin 

5 

5 

0 5 (7o 

10 Co 

10 

ii 

“ 4-25 mg gramicidin 

; 

10 , 

10 

2 4 

24 


* Hydrolyzed for 18 hours at 100° w ith 2 ml of 7 n hydrochloric acid m evacuated 
Thunberg tubes 

t As percentage of cystine present 


Table XT' 

Effect of Acid Hydrolysis on Apparent Cysteine and T> yptophan Contents of Lysozyme 

and Chymotrypsi nogen* 


Protein 

1 

1 McUiodof hjdroJysist 

1 Apparent 

cysteine 
content 

Apparent 

tryptophan 

content 

Lysozyme 

^ 6 N HCl, 100°, 18 hrs 

per cent 

1 2 

percent 

2 7 


6 " H.S04, 100°, IS hrs 

0 3 

5 9 


None 

Nopet 

S 0 

Chymotrypsinogen 

6 N HCI, 100°, 18 hrs 

1 5 

2 9 


6 ” H:S04, 100°, IS hrs 

0 4 

3 9 


None 

Nonet 

6 0 


* Lysozyme contains approximately 5 per cent cystine, chymotrypsinogen, 4 6 per 


cent 

t In evacuated Thunberg tubes, 50 mg of protein, 0 5 ml of acid 
t A solution of the protein in saturated guamdine hydrochloride solution gave a 
negative mtroprusside test Under the same conditions, a strong positive test i\as 
obtained with bovine serum albumin, which is known to contain 0 3 to 0 4 per cen 
cysteine (12) 

ammo acids aie oiigmally piesent m peptide hnkage, and that the piesence 
of othei ammo acids does not mteifeie with the cystine- tiyptophan 

In ordei to deteimme xvhether othei ammo acids or piotems ( ac n 
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tryptophan) could i educe cystine undei the conditions of acid hydiolysis, 
5 or 10 nig ^ iniples of cystine weie heated foi 18 houis in 7 n hydiochloric 
icid it 100° 01 1 10° Mith the follow mg additions 40 mg of seiine, 50 mg of 
irgmine lijdiocliloiide, 10 rag of tliieonme, 40 mg of hydio\ypiolme, 20 
mg of prohne, 20 mg of tyiosine, 20 mg of phenylalanine, 100 mg of zem, 
100 rag of protamine sulfite, and 100 mg of polyglutamic acid The 
imouiUs of cysteine pioduccd i ingcd flora 0 to 0 18 mg , accounting for up 
to 1 S per cent of the cystine This amount of i eduction is slight compaied 
to tint obscued wath tiyptophan Wien 10 mg of cystme were heated 
with 100 mg of gelatin undei the sime conditions as those described above, 
0 2 to 0 3 mg of cysteine was consistently pioduced The constituent m 
gelatin lesponsible for this amount of icduction is not Imown 

Desiniction of Cysteine — Halwei and Nutting (4) consideied the possi- 
bility that aldehydes might be lesponsible foi the disappearance of cysteme 
from acid hydiolysates of piotems but could not obtain a positive fuchsm 
test m such solutions It occuiied to us that the unknown constituent 
might he pyruvic acid, a compound that is Icnowm to aiise fiom the decom- 
position of sciiiie (13, 1 1) and possibly of cystme (15) duiing acid hydiolysis 
In the e\pei iments outlined m Table V, pyi iivic acid w as found to cause the 
disappearance of cysteine even at room tempeiatuie in 7 n hydiochloric 
acid Fuitheimoie, hydiolysates of those protems that contam consider- 
able amounts of phosphate esteis of seime, and w'hjch, therefoie, should 
yield laige amounts of pymvic acid (14, 16), also weie capable of leactmg 
with added cysteme (Table V) 

In fuither experiments it W'as found that many ammo acids and piotein 
hydrolysates m amounts of 50 to 100 mg caused the loss of 5 to 25 pei cent 
of 1 mg of cysteme hydiochloiide undei the conditions used, namely, 3 
days of standing in 7 N hydrochloiic acid at room temperatuie m stoppeied 
test-tubes Howevei, these losses might be due to tiace contammation 
with heavy metals, particulaily coppei and iron The formei was found 
to be a poweiful catalyst for the oxidation of cysteine m strong hydio- 
chloiic acid solution (Table V) 

The disappearance of cysteme m the piesence of pymvic acid cannot be 
explained on the basis of oxidation catalyzed by traces of heavy metals 
The pymvic acid had been ledistilled, and was as leactive m the absence as 
m the presence of an (Table VI) 

DISCUSSION 

In addition to those discussed by Lugg (17), the following factois have 
now been shown to be involved in the amounts of cysteme determmable in 
protein acid hydrolysates (1) the amount of cysteine /oi med by the leaction 
of tryptophan mth cystme and, to a lesser degiee, by the acid hydrolysis of 
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cystine itself, and (2) the amount of cysteme lost by reaction with pyruvic 
acid 


Table V 

Loss of Cysteine in Hydrochloric Acid Solutions* containing Pyruvic Acid, Protein 
Hydrolysates,^ or Copper Sulfate 


Addition 

Amount 

Cysteme 

recovered 

None 

mg 

per cent 

96-100 

Pyruvic acid 

1 

72 

(C (t 

4 

28 

it it 

10 

7 

Formaldehyde 

1 

75 

Phosvitm hydrolysate 

20 

30 

it t< 

100 

0 

Phosphorylated sericin hydrolysate 

20 

12 

Sericin hydrolysate 

100 

68 

Copper sulfate SHjO 

0 01 

89 

<< 

0 1 

St 

If II 

0 1 (in vacuo) 

71 

11 <1 

1 0 

0 

Ammo acids or protein hydrolysates§ 

50-100 

67-95 


* The solutions contained 1 mg of cysteine hydrochloride in 2 ml of 7 n hydro 
chloric acid in stoppered test-tubes They ere held at room temperature for 3 days, 
then analyzed for residual cysteine No precautions were taken to e\clude air, ex- 
cept in the experiment with copper sulfate Attempts to measure cysteine recovenes 
from evacuated Thunberg tubes in general gave less satisfactory check results, possi- 
bly due to unknown catalytic effects of the stop cock lubricant 

t The amount of protein indicated was refluxed for 18 hours in 1 ml of 7 n hydro 
chloric acid at 125° After being cooled, 1 ml of a solution containing 1 mg of 
cysteine hydrochloride per ml of 7 N hydrochloride was added 

J When 0 1 mg of copper sulfate was added to the cysteine in the presence of 6 N 
sulfuric acid rather than 7 N hydrochloric acid, 80 per cent of the cysteme was present 
after 3 days The surprisingly different catalytic effect of copper in the tw o acids 
was not investigated further 

§ The ammo acids used were 50 mg each of serine, tyrosine, hydroxyproline, 
threonine, glutanuc acid, aspartic acid, argimne hydrochloride, methionine, phenyl 
alamne, tryptophan, and tyrosine, and 100 mg of a nuxture contaimng 20 mg eac 
of glycine, alamne, valine, leucine, and proline The hydrolysates used were pre- 
pared from 100 mg of gelatin, protamine sulfate, polyglutamic acid, and 
When serine was “hydrolyzed” by the procedure used with the proteins, then ad e 
to cysteine, there was only a slightly greater loss on standing than when senne alone 
was used (90 per cent compared to 95 per cent) Hence, little if any pyruvic aci 
IS present in such a preparation 

The cysteme analyses lecorded for chymoti 3 ipsmogen (1 3 per cent) ((!)> 
also Table IV) piobably reflect its tryptophan content, and that obtame 
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\nth inbulm (0 0 pci cent) (3) is possibly due to acid hydiolysis of cystine 
Brand (J) li is ilso lepoitcd cysteine contents of othei piotein hydrolysates 
in excels of the content of SII gioups deteimmable m the intact pioteins 
'I'hesc need not be listed In view of the pievioiis discussion it appears 
til it they do not nicasuie accuiately the cysteine contents of the proteins, 
and that the iniount by which they deviate is difficult to assess quantita- 
tivel}' 

Hess and Sufiix in (5) compared the sulfhydiyl contents of a senes of 
intact proteins witli tlie cysteine piesent in acid hydiolysates There was 
good igiecnient between the two sets of data and it w'as concluded that the 
cysteine of the piotcin appealed quantitatively m the hydrolysate Fiom 


Table VI 

Rale of Reaction of Pyruvic ictd leilh Cysteine in 6 N Hydrochloric Acid at Room 

Temperature (2S°)* 


Time j 

Cysteine recovered 

0 

per cent 

100 

15 nun 

92 

1 hr 

91 

4 hrs 

83 

1 day 

65 

3 days 

1 39t 

4 “ 

35 


* In rubber stoppered test tubes The solutions contained 1 mg of cysteine 
hydrochloride and 4 mg of distilled pyruvic acid in 2 ml of 6 n distilled hydrochloric 
acid 

1 41 per cent was recovered when the solution was held in an evacuated Thunberg 
tube 

the observations recorded above, such agreement should probably be mter- 
preted as fortuitous, the result of compensating eirois 

Seveial investigators have accounted quantitatively for the non-sulfate 
sulfur of proteins in terms of then total methionine, cystme, and cysteme 
sulfur contents (3, 5, 18, 19) Some proteins appeal to be more vulnerable 
than others to the side reactions that mterfeie -with this summation (5, 18, 
20-22) Smith and Gieene (20) accounted satisfactorily for the sulfur of 
several immune proteins but weie unable to recover that of some plant 
globuhns Cuthbertson and Phillips (15) concluded that reaction of cys- 
teine with pyruvic acid did not complicate their detailed analyses of the 
sulfur constituents of various wools However, the evidence for this con- 
clusion is not convincing The possibility that condensation occurred 
during acid hydrolysis was not mvestigated A definite fraction of the 
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total sulful could not be identified as cystine, sulfbydryl, sulfate, or bro- 
mine-o\idizable sulfui The method of hydrolysis undoubtedly plays a 
r61e For example , if air and catalytic amounts of heavy metals ai e present, 
the cysteme foimed by leaction mth tiyptophan may be reoxidized to 
cystme before it is removed by leaction rath pymvate At least at room 
temperature the lattei reaction is a slow one (Table VI) 

The data suggest that the leactions described would be minimi zed if 
protems contammg tryptophan weie hydiolyzed at 100° mth 6 n sulfunc 
acid %n vacuo, and if those contammg no tryptophan were hydrolyzed mth 
6 N hydrochloiic acid under the same conditions As an example, a sample 
of leduced msuhn nas found to contam sulfhydiyl groups correspondmg to 
4 5 pel cent cysteme both m the mtact protem and m a hydrochloric acid 
hydrolysate (by chloiomercuribenzoate titration) In geneial, however, 
deteimmations of the sulfhydiyl gioups by titiations performed on the 
unhydiolyzed denatuied piotem would appear least subject to enor or 
aitifact ^ 

The nature of the leaction of cystme mth tiyptophan m acid solution is 
knoivn only fiom the results, namely, the foimation of cysteine and disap- 
peaiance of tiyptophan, from which it may be mfeired that the tiyptophan 
IS oxidized by the disulfide hnkage of cystme A disulfide containing no 
ammo or caiboxyl gioups, namely bis(2-hydioxyethanol) disulfide, was also 
found to become reduced and to destroy tiyptophan in acid solution 
(Table VII) 

Schubert (24) mvestigated the leaction of cysteme with pyruvic acid in 
non-aqueous media The isolated mateiial coiiesponded m analyses to an 
addition product The natuie of the reaction m 7 n hydrochloiic acid, ob- 
served m the piesent ivoik, has not been mvestigated However, the reac- 
tion of formaldehyde mth cysteme m 6 n hydiocliloiic acid has been shonm 
recently to lead to the formation of djenkolic acid or thiazohdmecarboxyhc 
acid, dependmg upon the relative amounts of the reagents used (25) Hess 
and Sullivan (26) showed that the reaction product of cysteme and formal- 
dehyde was not determmable as cysteme by any of the color leactions 
usually used Other aldehydes oi reactive ketones present as decomposi- 
tion products of ammo acids or other piotem constituents might be expecte 
to react similarly (24, 27, 28) 

The acceleration of the aerobic oxidation of sulfhydiyl compounds vn 
copper has been studied m detail (29) In general, the reaction is muc 
more rapid m alkalme than m neutral oi acid solution (30, 31) However, 
Lugg (17) showed that ferrous non catalyzed the oxidation of cysteme m 
0 25 N hydrochloric acid In the limited series of expernnents shown 

5 The use of enzyme hydrolysates is suggested by the work of Anson (10) 
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1 ible V, o\i(i itioii octiinod it loom tcmpouitiuc m the piesence of coppei 
in hydiothluiic icid In sulfuiic icid, the cyitemc \\a.b consideiably moie 
it ihle 


TvniL VII 

I ffccl of VanoM Iddtlucs on Recovery of Tryptophan from Healed Acid Solutions* 


Nddition 

Weight 

Acid 6 N 

Tryptophan 

recovered 

C>stinc 

mg 

2 5t 

HCl 

per cent 

50 

Bi 8(2 hydrovycthyl) disulfido 

2 5 

It 

16 

Serine 

10 

tt 

88 


25 

tt 

52 

Piruvic acid 

0 7 

“ 

74 

<C << 

' 1 3 


44 

(< it 

1 3 

HSO* 

1 44 

<t tt 

2 5 

tt 

' 16 

<( tl 

2 5 

HCl 

11 

Sencin 

10 

tt 

72 

(( 

125 

tt 

0 

Phosphosencin 

10 

tt 

65 

Phosvitin 

5 

tt 

68 

Protamine sulfatct 

67 

tt 

49 

tt tt 1 

125 

It 

42 

Gelatint 

125 

tt 

51 

ZeinJ 

125 

it 

65 

Nylon! 

125 

tt 

80 


* 2 5 mg of tryptophan per ml Heated 18 hours at 100° in evacuated Thimberg 
tubes Recoveries ranged from 88 to 96 per cent in tubes containing the following 
additions 10 and 25 mg of threonine, 10 and 25 mg of hydroxyproline, and, sepa- 
rately, 25 mg each of tyrosine, arginine hydrochloride, glutamic acid, and glycine 
There nas no destruction of tryptophan in the presence of 0 1 mg of copper sulfate 
For the controls, see Table VIII 

t See Table II for further data with cystine 

t Contains no tryptophan According to Rees (23), the serine contents of prot- 
amine sulfate and gelatin are 5 0 and 3 2 per cent, respectively 

Tryptophan 

Lugg (32) reviewed the woik of previous investigatois and made fuithei 
obseiwations concerning the stabihty of tiyptophan in acid solution In 
contrast to Folm’s statement (33) that tiyptophan was less stable m acid 
than had been commonly supposed, Lugg concluded that it was more stable 
The data lecorded m Tables II to IV aie m accord and peimit the foUou- 
mg conclusions In the absence of air, tiyptophan is i datively stable m hot 
acids, eithei alone oi m the piesence of a numbei of ammo acids (Tables 
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VII and VIII) However, when cystine or other disulfides are present, 
ti3Titophan is destroyed It is also destioyed when heated in solution with 
pyiuvic acid or proteins horn which pyiuvic acid may be derived The 
destruction of tryptophan in acid solutions contammg carbohydrates has 
been noted by many investigators smce Goitnei and Bhsh (34) first de- 
sciibed the phenomenon 

In the light of these observations it is understandable why grarmcidm, 
Avhich contams no cystme oi serine, can be hydrolyzed by acids ivithout 
destruction of its tryptophan content (35, 36), whereas such a procedure is 
unsuited for most protems 

The reaction of tryptophan with pyruvic acid, like that with carbohy- 
diates, results m the formation of biown to black solutions and precipitates 
(humins) , dependmg upon the amount of tryptophan desti oyed However, 

Table VIII 


Recovery of Tryptophan from Heated Acid Solutions* 


Acid 

Temperature 

Tryptophan recovered 


•c 

per cent 

Hydrochloric (6-7 n) 

100 

95t 


125 

95 

Sulfuric (6-7 n) 

100 

95 


125 

SO 


* 2 5 mg of tryptophan per ml Heated in evacuated Thunberg tubes for 18 hours 
There was no loss of tryptophan from similar solutions held at room temperature 
either in vacuo or in the presence of air 

I When air was present, less than 18 per cent of the tryptophan was determinable 

the leaction with cystme, paiticulaily at 100°, accomphshes destruction of 
tryptophan -without humm formation, e g , the solutions lemam water- 
clear 

It IS of interest that ti yptophan-cysleine mteractions have recently been 
reported as occurring during alkabne hydrolysis (37, 38) Togetliei with 
the experiments reported here, they emphasize the difficulties in draiving 
conclusions concerning the ammo acid composition of a piotem from the 
results of analyses on hydrolysates 

SUMMARY 

Under the conditions usually used for the acid hydrolysis of pioteins 
(heatmg at 100° oi 125° foi 6 to 24 hours), cystme reacts with tryptophan 
to give cysteme The reaction occurs much moie readily in 6 to / N 
hydiocMonc acid than m 6 n sulfuiic acid 

Some cysteme results from the acid hydrolysis of cystme m the a se 
of tryptophan The leaction, however, is only appreciable at 
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G N biilfunc icul The cybtenic contents of acid hydiolysates of proteins 
cont lining no sulfliydiyl gioiips leflcct both of these reactions 
Cysteine re icts with pyiuvic acid in acid solution This leaction may 
e\pl iin tlie loss of cysteine fiom protein acid hydiolysates noted by Halwer 
ind Nutting The oxidilion of cysteine in hydiochloiic acid solution is 
catalyzed by copper salts 

Tryptoplun is fiiily stable in hot acid solutions in the absence of air 
Both pyruvic acid ind cystine cause destiuction, the lattei reaction occurs 
wathout the formation of humin 

The bearing of these obsei rations on the inteipretation of the ammo 
acid composition of pioteins is noted 

We thank E D Ducay foi valuable teclinical assistance 
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IN vcri\ VTION OF P UI ViMECIN (“KILLER” SUBSTANCE 
OF P VR UIECIU.M AURELIA 51, VARIETY 4) AT 
EII-FEREN4 HYDROGEN ION CONCEN- 
I'R Vl'IONS VND TEMPERATURES* 

Un WILLLM J WVGlLADOMv v\u LEONARD P ZILL 
{Irom the l)ip(tiliiiLiU of /oologi/, Indiana UniversHij, Bloomington) 

(R(rci\c4 for pubhcitiou, August 29, 1947) 

Sonncboin (1) Ins dcbciibed a cliaiactei (the “killei” chaiactei) in 
\arieties 2 ind 1 of Paiamecium aurcha These stocks secrete into the 
medium in uitibiotic substance The killei that has been most fully- 
studied IS stock 51 of vaiiety 1 of Paiamecium auieha 'When sensitive 
stocks aie exposed to the cultuie fluid contaimng the antibiotic substance 
secreted by the killei stock 51, they develop ceitain chaiactei istic changes 
(2) X slight hump appe us aftei seveial houis on the aboial surface neai 
the iund end of the body This hump giadually enlaiges while the anterior 
end of the bod} wastes awny and the posteiioi pait is pushed mto the 
humped legion Tlic animals then become smaller and spherical and finally 
die In any 5 lioui inteifission period, the amount of paiamecm hberated 
into the medium by the killei animals is such that the usual relation be- 
tween the numbeis of the killer animals that had lived in the culture fluid 
foi that peiiod and the numbei of sensitive ammals killed by the fluid is 
1 1 (3) This inchcates that in this peiiod 1 unit of paiamecm is released 
by one killer animal and that 1 umt is sufficient to kill a sensitive animal 
More paiamecm can be released when the animals are dismtegiated by 
repeatedly forcing a suspension of Paiamecium aureha through a narrow 
gage injection needle (4) 

The manifestation of the killer character is dependent upon both a 
cytoplasmic and a chromosomal factor (5) Matmg tests proved that the 
latter is a single dominant gene, designated K Sensitive clones (KK) e-vist 
which, without the cytoplasmic factor, do not mamfest the killer character, 
but acquire this w'hen the factor k is introduced Theieaftei the clones 
reproduce tiue to foi-m When the cytoplasmic factor is mtroduced mto 
clones homozygous for the lecessive allele (A A), the killer character does 
not manifest itself, noi is the cytoplasmic factor perpetuated In about 
half of the knowm varieties of Paramecium aureha a cytoplasmic factor 
inteiwenes betw^een the genes at each locus and their phenotypic manifesta- 

* Contribution No 374 from the Department of Zoologj , Indiana Universitj 
feuppoited by grants from the Rockefeller Foundation (for research on the genetics of 
Paramecium aureha) and Indiana University 
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tions Examples of hei editary traits depending upon the presence of a 
cytoplasmic factor are those of mating type and antigen formation (6) 
Theie exist important resemblances between the propeities of the genes 
and the cytoplasmic factors, both are self-reproducible under appropriate 
conditions and both control characters The cytoplasmic factors for diSer- 
ent characters are discrete and separable (7) However, there is no neces- 
sary correlation between the rates of reproduction of the genes and the 
cytoplasmic factors (8) 

Cytoplasmic factors may be of general sigmficance L’Hdritier and co- 
workers (9, 10) analyzed the caibon dioxide resistance in Drosophila ivhich 
presents m many respects a strikmg parallel to the results obtamed on 
Paramecium auieha Darhngton (11) and Haddow (12) emphasized the 
role played by plasma genes m ammals, plastogenes m plants and viruses 
These cytoplasmic systems, while piobably dependent upon a chemical or 
even a physiological eqmhbiium, have an important function in cell differ- 
entiation They constitute that part of the genetic system that is not 
associated with any visible bodies in the cell, although it is related to the 
genes Several other instances of cytoplasmic inhentance can be cited 
Rhoades (13) desciibed a gene-induced transmissible plastid difference m 
maize Expeiimental work by Woods and DuBuy (14, 15) suggests the 
possibihty, as pomted out by these authors, that some phytopathogemc 
viruses might be related in origm to certam constituents of the cytoplasm, 
the mitochondria Heston, Dermger, and Andervont (16) and Heston (17) 
pomted out that the gene-cytoplasmic relationship m Paramecium aurelta 
lesembles m many respects the gene-milk agent relationship m mammary 
tumor development m mice 

Paiamecin, besides bemg the end-product of a gene-cytoplasmic factor 
relationship, is the fiist antibiotic known to be produced m an animal cell 
It will be of great value for the understandmg of its mode of production 
and its mode of action to have this compound identified as to its chemical 
constitution It will then be possible to mvestigate the relationsbp be- 
tween paramecm and the cytoplasmic factor and ultimately the whoe 
hereditary system of gene-cytoplasmic factor-paramecm 

We wish to report here some prehminary mvestigations on the nature o 
paramecin 


EXPERIMENTAL 

Method of Testing Preparation of Test Solutions — Paramecium aurelw 
51, variety 4, weie gio\vn m Erlenmeyei flasks on a lettuce infusion, mocu 
lated with the bacterium Aerobacler aerogenes (18), at the rate of two sio 
per day When about 2000 animals per cc were present, the concen ra ^ 
was mcreased approximately 10-fold by filtermg the cultore t 
Berkefeld filter after clarification by filtermg thiough a boo 
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per was determined by counting the Paramecta piesent m 1 cc of an 
appropiiate dilution Final concentiation was achieved by centrifuging 
tlie suspension in in angle centufuge at 2000 r p m for 10 minutes The 
animals present m 1 cc of the supernatant liquid were counted and tins 



Fig 1 Numbers of sensitive Paramecium aurelta killed by three different prepara- 
tions of a killer paste at increasing dilutions of each paste 9, imtial activity of the 
paste 20,000 units of paramecin per cc , ® , initial activity of the paste 70,000 umts of 
paramecin per cc , and O, initial activity of the paste 270,000 units of paramecin ner 

on ^ 


figure subtracted from the original count This figure, multiplied by the 
number of cc of suspension that had been centrifuged, was taken to repre- 
sent the number of animals used foi the determination The packed am- 
mals were then suspended m 10 cc of phosphate bulfeF of pH 7 and 

I The buffer was prepared by rm\ing 6 volumes of 0 25 Ji disodium phosphate solu- 
tion with 0 25 JI monosodium phosphate solution, until a pH of 7 was obtained w-hen 
diluted to 0 01 ji 
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subsequently disintegrated by foicing the suspension tluough a iiaiiow gage 
(No 27) injection needle Ten to fifteen passages thiough the needle were 
usually sufficient foi a complete disintegiation of all the ammals piesent 
The resulting paste was ahvaj's subjected to a caieful evamination under a 
low power micioscope and any non-disintegiated animals which might be 
present weie lemoved Tw^o 4 cc poitions of this paste were pipetted into 
test-tubes, standing in a constant temperature water bath The pH m 
one of the tubes was adjusted to the desired value with hydiochloiic acid 

4 ABLE I 


Inactivalion of Crude Paramecin Preparations at Different 
Hydrogen Ion Concentrations at SO” 


pH 

No of 
deter 
imoa 
tlOQS 

Per cent activity 

K per 
mm 

' (1st onier 
reaction) 

0 mm 

10 mm 

20 mm 

oO mm 

-10 mm 

50 mm 

1 60 mm 

1 0 

1 

0 

0 

0 

0 

0 

0 

0 


2 0 

1 

0 

0 

0 

0 

0 

0 

0 


3 0 

1 

0 

0 

0 

0 

0 

0 

0 


4 0 

1 

0 

0 

0 

0 

0 

0 

0 


5 0 

1 

0 

0 

0 

0 

0 

0 

0 


6 0 

2 

100 0 

70 7 

51 5 

35 5 

2S 8 

16 3 

13 0 

0 0377 

7 0 

10 

100 0 

90 2 

SO 9 

70 0 

61 7 

55 9 

49 7 

0 0119 



±0 0* 

±0 9* 

±1 3* 

±1 1* 

±1 7* 

±1 5* 

±1 7* 


7 5 

1 

100 0 

94 0 

S9 3 

S3 0 

7S 0 

75 0 

67 S 

0 0062 

S 0 

4 

100 0 

96 0 

93 2 

S9 5 

S6 5 

84 5 

82 3 

0 0033 




(97 3 

(94 5 

(92 0 

(S7 8 

(85 5 

(S3 0 





-95 0)t 

-93 0)t 

-SS 0)t 

-84 5)t 

-82 0)t 

-SO 5)t 


S 5 

1 

100 0 

97 1 

94 2 

92 7 

92 0 

86 1 

84 7 

0 0028 

9 0 

1 

100 0 

S9 0 

76 0 

62 6 

53 0 

45 0 

39 0 

0 0154 

9 5 

1 

0 

0 

0 

0 

0 

0 

0 


10 0 

1 

0 

0 

0 

0 

0 

0 

0 


11 0 

1 

0 

0 

0 

0 

0 

0 

0 



* Per cent activity ± standard crroi 
t The figuies in paientheses represent the range 


01 sodium hycho\ide solutions, the pH being measmed with the glass e ec 
trode A lOugh adjustment was made fiist with 0 1 N solutions Tlie aci 
01 alkali was added veiy slowly undei constant stiiiing, in oidei to preien 
local mcieases of the pH above the desired value Final adjustment "as 
made wnth 0 01 N acid oi alkali An equivalent amount of buffei so u ion 
W'as added to the other tube The temper atuie of the bath w as maintaine 

at 30° with a fluctuation of ±0 02° , 

The Test — Immediately after the volume of the paste in the secon 
tube W'as adjusted, the first sample was removed from both tu es 
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time w \b uily taken as zeio time The sample (0 05 cc ) was im- 
mcdntcly diluted to 25 cc with the ouginal buffei solution Each 10 
minutes i simple w is lemovcd, the last one being taken 60 minutes aftei 
zero time Oct isional checks did not show^ a change of pH m any of the 
(ictctmnutioiib it the end of 1 lioui The pH of the dilutions w^as not 
signific intly dilTeicnt fiom the original pPI of the buffer solution The 
ictivity of the dilutions was tested as follows A suspension of sensitive 
immals (Paiamccium aurelia 31, vaiiet3'' S) was grown m the same manner 



Fig 2 The influence of the hydrogen ion concentration upon the stability of 
paramecin at 30° Ihe points on the curve represent the amount of activity left after 
f hour exposure to the particular pH 

as that descubed foi Paramccitim awelia 51, vanety 4 The solution w^as 
concentiatcd by filtration till about 5000 animals weie present per cc 
From this suspension appioximately 0 5 cc was added to depression slides 
Ten depressions were used for a single determination To each depression 
was added 0 1 cc of the solution to be tested The depression slides weie 
stacked m glass moist chambers and incubated at 27 After 48 hours, the 
dead and affected animals m each depression shde were counted by lemoval 
Avith a micro suction pipette The number of ammals killed m ten depres- 
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The inactivation of paramecin at 40° was investigated for only tiio 
hydrogen ion concentrations, pH 7 0 and pH 8 0 The mean values of 
three diffeient deteiminations are repiesented in Fig 4 The data also 
fit a stiaight line closely when loge C is plotted as a function of tune The 
reaction constant (fiist oidei reaction) at this tempeiature for the two 
hydrogen concentrations is pH 7, /uo = 0 0359, pH 8, = 0 0127 

Fiom the velocity of destruction at 30° and at 40° the activation energy 
foi the inactivation of paiamecin (ju = AH — RT) has been calculated 
to correspond to 126,000 calories per mole at pH 7, and 169,000 calories 
pel mole at pH 8, which are typical values for enzymes and piotems 
Unexpected results neie obtamed when the late of mactivation of 
paramecin was investigated at 20° These lesults aie repoited m Table 
II There is an apparent increase in activity durmg the first 45 mmutes 


Table II 

Inactivation of Crude Paramecin Preparation at pH 7 and pH 8 at 20° 
(Four Determinations) 


pH 

Per cent activity 

0 min 

1 

10 mm 

20 min 

30 mm 

1 40 mm 

SO 

60 mm 

7 

100 

131 5 

144 7 * 

142 0 


HI 


8 

100 


157 7 * 1 

128 6 


Hi 

HI 


90 min 


131 3 
112 6 


120 mia 


127 4 
124 9 


150 mm 


120 0 


180 mm 


118 2 
128 8 


240 mm 


100 8 
117 1 


300 mm 


93 0 
113 4 


' Two determinations only 


Theieaftei the activity drops slovly and attams a logarithmic rate after 
about 120 minutes At present no explanation can be given for this phe- 
nomenon It IS conceivable that the observed increase in activity is due 
to a lelease or dissociation of paiamecm fiom the bound state m which it 
IS piesent m the cell The inactivation proceeds simultaneously After 
45 mmutes tins process becomes the deteimimrig reaction 


DISCUSSION 

It IS evident from the expeiiments reported here that paramecin i^s ^ 
unstable compound It may be concluded fiom the expeiunents tha J 
inactivation at different hydiogen ion concentrations can be 
by a first ordei reaction Tins is comparable to the 
Chick and Martin (21), and those reported by Lauffer ™ ] 

The foimei shmved that the heat denaturation leactions of hem g 
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lud of egg albumm ue iu'&t ordei leacfcions, while the latter showed that 
this was ilso the case foi the thermal denatuiation of tobacco mosaic virus 
The average vilue foi the activation eneigy for the inactivation of thuty- 
foiu different enzymes (g = A// - RT) was found to be g = 68,600 calories 
pel mole (23) The values have a lange from 22,000 calories pei mole to 
198,000 c iloiies pei mole Eecent ivork (24) also indicates that the ener- 
gies of activation aie similar foi enzyme inactivation and protein denatur- 
ation The e\peiimentally obtained values for the energy of activation 
for the inattivxtion of paiamecin (g = 126,000 calories per mole at pH 7, 
and g= 169,000 caloiies pei mole at pH 8) aie withm the limits for those 
repoited for enzymes and piotems It may be concluded then that par- 
amecm belongs to either of the tno classes, or both The inactivation 
reaction must pioceed at a much highei speed than the release of paramecin 
from the cell material, foi it is surprising indeed that no evidence for a 
release of paiamecin could be found at 30° or at 40° It is possible that 
the lelease of paiamecin is due to an enzymatic mechamsm vith a very 
low tcmpeiatuie optimum It should, a pnon, be possible to find an 
inhibitor foi the mactivation leaction, thereby opening a way for obtaining 
a lelativelj’’ richei source of paramecm Investigations pei taming to this 
problem are in progress and will be lepoited at a later date 

SUMIURY 

Paiamecm, the killer substance of Paramecium aureha 51, vaiiety 4> 
IS instantaneously inactivated at hydiogen ion concentiations ranging from 
pH 1 0 to 5 0 and pH 9 5 to 11 0 It is moderately stable m the pH range 
7 0 to 9 0 Even in this range inactivation pioceeds rapidly at the temper- 
atures investigated The activation energy for the inactivation of par- 
amecin has the typical value foi that of an enzjone or protein 
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FixvnoN OF iboioino nu'rogfn n \ excised nodules* 

B\ IIliLBN V MACIIATA, It 11 BUlllUS, vnd P W WILSON 

(/•rout the DtinirlmuU'i of If/nLiiUtiial ItncUuolojjij uml Ihothuntslry, U/iivomtij oj 

lOiicoHSin, ifatltbun) 

(UlluivciI far [lubliuitiou, Soptoiubor 12, 1017) 

VUol ()() \eiis ot lo-^eiicli m byiubiotic mliogon li\iition, the agent ot 
li\ ition li lb not been cbt iblibhed Appau'ntl3 onl}’’ two biological bpcoies, 
legumnioiib jilanls uul Rhizobium, aio tsbcnlial (1), but atteinptb to sepa- 
late the i oinponentb h ive been unbuccobstul Uneiiuivocal fiMition bj’’ the 
nit lit nothile exciseil fioin i plant acU\ely h\ing nitiogen his not been 
(leinoubtialeil Oidinauly, tells of plant iiul inimal show no such sciisi- 
tnitj" to the envnonment but will leathlj'^ tiny out then thin lotcuatit 
biologual leat lions in tibsue tultuie An e\plan itioii ot this notable excep- 
tion 11113 uiipoitint foi an uiuleibt iiuling ot the iiiethaiiisni of the 
ic'iction 

Two posaibilities appeal w 01 thy of investigation («) In the intact 
plant, the piodutts of lixation uio lemovcd as lapidly as foinicd, but in the 
excised nodules, these attuiiiul ito uiiil stop the leaction If so, a vciy 
sensituc method foi detection of fixation might benettssaiy The usual 
Kjeldahl pioteduie with its attendant diflitultiCo m sampling would not be 
suitable, but the muth moie sensitive isotopic method (2) might suffice 
(b) An mleiiucdiate essential toi fixation is supplied by the host plant 
This postulated mteimcdiale appaienlly is eilhei piesent m a veiy low con- 
centiation 01 is so labile th it it tail disippcai by the time N“ is supplied 
to the excised nodules 

Oin initial expeiiments (2, 3 ) wcie mtoiu liisive in that occasionally 
fixation was obtained, but its occuiicnce was not absociated with any spe- 
cific tieatmcnt, including supplying postulaled mtei mediates, such as 
mcmbeis ot the tiicaiboxylic acid c3'cle Recently, we have iceximmed 
this pioblem in an clloit to seciiie consistent fixation, 01, failing this, to 
establish the oiigin of oui occasional positive lesults 

1 Xl’l ItlAIl Nl'Al, 

Nodules fiom Canada field pea, soy bean, 01 cow-pia plmts weu picked 
diicctly into uc watoi, then tiansteiied to lultuic vessels 10 pei cent po- 

* Supported in part by miiiita from the llockofollcr roundation and from the 
Rcaoarch Committee of the Graduate School from funds supplied by the Wisconsin 
Alumni Uesearch Foundation Wo thank Profcssoi II B Wahlin and Mr Warren 
Smith of the Dopaitnicnt of Physics for their aid in the analyses by the mass spec 
tromoter 
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tassium hydi oxide was placed in the centei nell The cultuie vessels Mere 
attached to a six place manifold, evacuated, and supplied 0 4 of an atmos- 
pheie of 50 pei cent oxygen and 50 pei cent nitiogen enriched MTth N‘'> A 
2 litei bulb, previously hlled with oxygen at the pressuie anticipated foi 
the main system w as opened to the manifold to leplace the oxygen used for 
lespnation The vessels were immeised in a w ater bath at 25° After 24 
houis of incubation the contents of the flask were digested wTth sulfuric 
acid The ammonia was distilled and convei ted wuth alkalme hypobi oraite 
to molecular nitrogen w'hich was collected in a small gas bulb that fitted to 
the mass spectrometei Details aie piovided by Bums et al (2) 

Expeiimental vaiiations were made m the piocedure to test the two 
hypotheses cited To some of the cultuie vessels, 10 mg of oxalacetic acid, 
a-ketoglutaric acid, citiic acid, oi succinic acid weie added as possible essen- 
tial intei mediates On the assumption that excised leaves and stems may 
contain necessary photos 3 Tithetic products, these weie added to some of 
the vessels 

To maintain the concentration of labile intei mediates m the nodules, mt 
usually picked these directly into ice watei oi froze them in liquid an If 
frozen, all of the mampulations necessary to place the nodules in an atmos- 
phere containing excess could be completed befoie thaiving occuned 
An effort wms made to inciease the concentiation of the postulated inter- 
mediates m the nodule by growmg clover plants m the presence of molecular 
hydrogen oi caibon monoxide Although these tw'o gases inhibit fixation, 
the nodules on the plants aie laige, malfoimed, and deep red in coloi On 
transfei of such plants to a noimal atmosphere, fixation begins immediately 
at an accelerated late, possibly because of the accumulation of es'^ential 
metabolites 

All experimental pioceduies except laising the plants weie bacteriologi- 
cally controlled, m one senes, nodules from peas grown aseptically as de- 
scribed by Virtanen et al (4) weie tested 

DISCUSSION 

Typical results of tiials m w^hich oxalacetic, a-ketoglutaric, and citric 
acids were added to nodules aie summaiized m Table I These data 
piovide little basis for claims of fixation by excised nodules Occasion- 
ally the gam m approaches a statistically significant value (2), but 
these aie bordei line instances In many of these expeiiments, nodules 
w'eie tested aftei addition of succinate as w^ell as in the absence o any 
added metabolite No fixation was obseived Also, the presence o 
excised stems and leaves would not induce fixation Table II suinmanzes 
the data from thiee experiments in which abnoimally large 'I®? 

obtained from plants m w'hich the fixation reaction had been inhi i e 
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llie \ lino of 0 OS atom pei cent excess N** obseived in one instance alone 
appio iclicb i significant gain 


Table I 

Tcsl of Fixation of fV'® hy Excised Nodules 


The \ ilues are e\pressed as atom per cent N“ excess over air controls 


Source of 
nodules 

Treatment 

Initial at 
mosphere 

Substrate added 

Oxalacetate 

a Keto- 
glutarate 

Citrate 

Peis 

Chilled 

20 28 


-0 002 

-0 029 


(( 

9 89 

bb 

-0 010 

-0 007 


aseptic 

13 04 


0 003 

0 022 


Frozen in liquid air 

9 89 

-0 013 


-0 023 


U H <i t( 

4 49 



-0 004 

it 

“ " “ “ aseptic 

13 04 

0 086 

0 061 

-0 031 

Soy beans 

Chilled 

14 90 

-0 005 

-0 010 

0 022 


H 

21 62 

-0 003 

-0 001 



(t 

30 38 

0 004 

-0 014 

issa 

(( tt 

Frozen in liquid air 

13 87 


K i:: 



(( t( (( (1 

13 77 


^R~STS 


Cob -peas 

Chilled 

30 05 

H SSI 

n S S 

0 000 



15 36 

S' : 

^UllS 

-0 013 


it 

29 04 

B SSS 

B SSS 

0 026 

a 

Frozen in liquid air 

10 97 

III 

B iSI 

-0 026 


Table II 

N'-’ Fixation by Nodules and Rootlets from Red Clover 


The values are expressed as atom per cent N*® excess over air controls 


Red clover 

Initial 

atmosphere 

Plants grown in 

Air 

Air CO 

Air Hi 

Nodules 

9 90 

0 000 

-0 002 

0 014 


4 53 

0 017 

0 030 

0 083 


13 45 

0 022 

0 015 

0 011 

Rootlets 

11 39 

0 028 

0 028 

-0 019 


3 15 


-0 015 

-0 033 


4 53 

-0 026 

0 031 

-0 005 


In efforts to secure fixation during the past 5 years, we have tested 133 
samples of nodules fiom plants grown under a vaiiety of conditions and 
subjected to numerous diverse treatments A summary of the results is 
given in Table III If we adopt the statistically significant gam of 0 05 
atom per cent excess as our criterion (2), twenty-one positive results have 
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been obsen^ed, oi 16 per cent of the total A more conservative cntenon is 
about 0 1 atom pei cent, as occasionally the mass spectiometer ivill be m 
error by 0 05 atom per cent If this figuie is adopted, the positive mstances 
are reduced to ten, t e , 8 per cent of the total Moreover three of these 
were obtamed in a smgle expeiiment, which, because of the abnormally 
laige gams observed, is at least open to suspicion (3) 

Fiom a detailed study of the lesults of all tests certain observations 
appeal significant (a) The positive lesults so far obtained aie not con- 
sistently associated with any particular treatment and lend no support 
foi the implication of any specific compound as an essential mteimediate 
supplied by the plants Relatively, the most consistent results have been 
obtamed with nodules from plants in iviiich the fixation process has been 
inhibited, but even here the positive findings are too few to be impiessive 
(b) The erratic occurrence of the positive results is remimscent of the early 


Table III 

Summary of Results on Fixation of iV*® by Excised Nodules 
The values are expressed as atom per cent N“ excess over air controls 


Senes No 

Samples tested 

Gams of Nu 

Bibliographic 
reference No 

>0 05 atom 
per cent 

Fer cent of 
total 

>0 1 atom 
per cent 

Per cent of 
total 

I 

34 

6 

14 

3 

9 

(2) 

II 

24 

7 

29 

6 

21 

(3) 

III 

75 

9 

12 

2 

3 

This paper 


133 

1 

21 

16 

10 

8 



experiments xvith the symbiotic nitrogen fixation system (1) and suggests 
that a similar explanation may be found, % e the r61e of accompanying 
bacteria is overlooked Nearly all experiments made with excised nodules 
both isotopically and with other techmques have used non-steiile nodules. 
We have made a few with nodules from plants grown in so called aseptic 
cultmes, but proof of the absence of contaminating bacteria would har } 
satisfy a critical bacteriologist Experimentally, when nodulated roots 
aie used, moie positive lesults are obtained, a result that may arise rom 
better opportimity for the necessary contamination than from the presence 
of an essential mtermediate in the root 

From these observations, we conclude that unequivocal demons ra lO 
of fixation by the excised nodule does not exist and that any futuie c a 
of fixation should be accompanied by adequate bactenologica 
cultural control This conclusion has a significant impbcation or 
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mechanism of symbiotic mtiogcn fixation, since it means that the agent of 
fixitioa IS inforicd lathei than known with ceitamty Isotopic studies 
hue lonhimcd tlie geneially iccepted belief that the locale of fixation is 
tlie loot system (5), piesumably the nodules Fiee-livmg cultuies of 
RInzobmtn w ill not assimilate molcculai nitrogen, and it now appeals that 
even so simple an operation as removal of the nodule fiom the host plant 
pre\cnts fixition even though the oigamsm is associated with the cells of 
the plant Until this unexpected loss of function is explained, conclusions 
reg irding the mei lunism can at best be only tentative 

smoiARY 

Attempts to induce nodules excised fiom leguminous plants to fix molecu- 
1 u nitrogen by inci easing the concentiation of possible inteimediates gave 
inconclusive lesults of the type pieviously observed 

From the results of 5 ycais experimentation with excised nodules by the 
sensitive isotopic technique, it is concluded that unequivocal evidence of 
fixation lb lacking As in neaily all of the expeiiments described in the 
liter ituie nodules gioun in a non-sterile envnonment have been tested, 
the inconsistent positive results leported may well have arisen from in- 
adequate bacteiiological control 

A consequence of this conclusion is that the agent lesponsible foi fixation 
in the s 3 '’mbiotic s 3 ’'stem is not yet precisely defined 
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Bi FOLDED KHALIL 

(F rom the Dcparlmtitl of /oology, 1 acuity of Science, Fouad 1st Umversity, 

Cairo, Egypt) 

(Received for publication, July 30, 1947) 

Very little is known about e\cietion in leptiles Most of the earlier 
workers (1) occupied themselves wnth quahtative or appio\imate quanti- 
tatue detcimination of some of the constituents of the urine Among all 
these wmikeis theie is a geneial agieement that teiiestial leptiles, except 
the Cheloma, exciete mamly uiic acid On the othei hand excretion in 
the Cheloma is in dispute In the case of land toitoises, Magnus and 
IMuller (2) working on Testudo mgta, Maichand (3) on T tahulata, Schiff 
(•i) on T labulala, dementi (5) on T graeca, claimed the presence of uiea 
m the mine Conti aiy to these authois, Mills (6), investigatmg the urine 
of T labulala, was unable to find uiea and showed the presence of uric 
acid Diilhon and Maicoux (7) found in the urine taken fiom the bladdei 
of T mauritamca a considerable amount of uiic acid and purmes in sus- 
pension and urea in solution According to these authois almost all of 
the non-piotem nitrogen of the cleai urine W'as in the foim of urea In the 
case of aquatic tuitles, Burian (8) woiking on Thalassochelys proved the 
presence of uiic acid in the urine Lewis (9) and Wiley and Lews (10), 
working on Chelone mydas and Chujsemys pteta respectively, found that 
urea constituted the gieatest part of excietory mtrogen as compared to 
uric acid and ammoma 

In view of this controversy the present work was found necessary, es- 
pecially since an investigation of some of the metabolic processes of reptiles 
liad already been undei taken 

Material and Methods 

Only foul specimens of Chelone mydas were obtamable, two males, Am- 
mals A and B, two females, Ammals C and D They were all nearly of 
the same size and each weighed about 25 kilos When the expeiiments 
were conducted (m March and April), the females weie found to contain 
a large amount of eggs The animals w^ere decapitated and the blood 
collected in sterile bottles, containing neutral potassium oxalate (0 2 gm 
per 100 cc of blood) The animals ivere then opened, their bladders re- 
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moved, and the urme measured and kept m sterile bottles The amount 
of urme collected was as follows Animal A, 175 cc , Animal B, 110 cc 
Animal C, 260 cc , and Animal D, 65 cc 

The pH of the urme, estimated immediately by the British Drug Houses 
capiUator, was as follows Ammals A, B, C, and D, pH 4 4, 4 6, 4 4, and 
8 5, respectively The urine m all cases contained mucus and that of 
Animals A and C showed a shght deposit The urme Avas cleared from 
mucus and deposit by centrifuging Thymol was then added to the urme 
(1 mg pel cc of urme) and the urine Avas kept m the ice chest Under 
these conditions the pH remained unchanged 

A piotem substance was found to be present m all specimens of urme 
It was removed, Avhen necessary, by heatmg the urme to boihng, acidifymg 
AVith dilute acetic acid, and filtering * 

Unne Analysts — The total non-protem mtrogen Avas estimated by the 
Kjeldahl-Gunnmg method (11) Urea Avas estimated by the urease method 
of Van Slyke and Cullen (12) Avith acetate buffer, the urease extract bemg 
prepared accoiding to the method of Damodaran and Sivaramakrishnan 
(13, 14) fiom wateimelon seeds Ammoma Avas estimated both by Fohn's 
(15) and the micro-Kjeldahl method (16) Unc acid was estimated by the 
diiect colorimetric proceduie of Benedict and Fianke (17) as modified by 
Christman and RaA^AVitch (18) Ammo acids were estimated by Fohn’s 
colorimetric method (15) The high concentration of ammoma m unne 
necessitated the addition of 3 gm of peiunutit foi each 10 cc of 1 20 urme, 
and the gentle agitation Avas prolonged for 15 mmutes This process Avas 
repeated twice Urme after such treatment contamed no traces of am- 
moma Creatmme was estimated by Shaffer’s colorimetiic method (19), 
creatme by Fohn’s microchenmcal method (20) Griffith’s method (21) 
was used for estimation of hippuiic acid, and Lai son’s (22) foi estimation 
of allantom 

The deposits present m the mine of Ammals A and C Avere examined 
micioscopically and weie found to consist of yellow uric acid ciystals 
These deposits Avere washed Avith waim watei and then dissolved m a 2 
per cent solution of piperazme and estimated coloiametncally as mentioned 

above , 

Blood Anahjsis — ^Protem-fiee blood filtrate was obtained from unlake 
blood by Fohn’s method (23) The total non-protem mtrogen in the 

1 The presence of such a protein substance was detected not only in these turtles 
but also in a number of othei reptiles already exanuned by the author The 
of this protein substance seems to have been overlooked by all earlier a or ers on 
Cheloma except Mills (6) who demonstrated its presence in all of the 
e\amined The origin and significance of this protein substance are being m 

gated 
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blood filtnto ^\as estimated by the Kjeldahl-Gunrung procedure (11) Am- 
monia M'ls estimated according to Nash and Benedict (24) Uiea was 
determined in the blood filtrate by mease hydrolysis, with acetate buffer, 
aeration, uid ncssleiization (15) Uric acid was estimated by Fohn’s 
direct method (25, 26) Ammo acids ueie determined by Bohn’s pro- 
cedure (27) is modified by Damelson (28) and Eussell (29) 

RLSULTS AND DISCUSSION 

Tlie results of the analysis of mine are shown m Table I Ammoma 
forms the majoi e\cietoiy nitrogen end-product This is in harmony with 
what IS known m aquatic inveitebiates and marine teleostian fishes (30- 


Table I 

Non-Prolein Nitrogen Constituents of Urine of Chelone mydas 



Nitrcscn m 100 cc unne 

Nitrosen partition, per cenf of total 

N excreted 

ConsUtuenU 

m 

Animal 
B. d* 

Animal 
C 9 

Antmal 
D 9 

Aver 

Anunals 
A B, C 

Animal 
A, c? 

Animal 
B cf 

Animal 
C 9 

Animal 
D, 9 

Aver 

A, B, C 


ms 

ms 

ms 

ms 

ms 






Total N 

288 7 

399 

262 5 

210 

316 7 


@11 

100 

100 

100 

Anunonia 1 m 

93 8 



61 6 

138 9 

32 49 


45 87 

29 33 

42 96 

Urea N 

None 

None 

None 

24 7 

None 

None 

None 

None 

11 75 

None 

Unc acid N 

4 2 

7 5 

8 8 

13 2 

6 8 

1 45 

1 88 

3 36 

6 27 

2 23 

AJlantom N 

12 6 

47 9 

64 4 

15 6 

41 6 

4 37 

12 0 

24 53 

7 44 

13 63 

Ammo acid N 

15 7 

29 3 

25 8 

38 6 

23 6 

5 42 

7 34 

9 83 

18 38 

7 53 

Hippuric acid N 

66 5 


21 

31 5 

43 2 




15 0 

13 85 

Creatimne N 

3.3 

6 4 

4 9 

3 5 

4 8 

1 14 

1 60 

1 87 

1 67 

1 54 

Creatine N 

27 8 

17 4 


8 8 

IS 6 

9 63 

4 36 

4 12 

4 18 

6 04 

Undetermined N 

64 8 

46 9 

6 4 

12 5 

39 3 

22 4 

11 8 

2 4 


12 2 


32) Ammoma is also present in the blood (Table II) The mode of 
appearance of ammoma m the urine seems to be qmte different from what 
IS known to occur in mammals, in which ammonia is absent from the blood 
(33) and forms a low proportion of the excretoiy nitrogen m the unne In 
this latter case, its formation and quantity are conditioned by the reaction 
of the urme It is formed almost entuely m the kidneys (34-36), mainly 
from glutamme (37) and also from ammo acids but not from urea (38, 39) 
As to the sea-turtle, although the study of the foimation of ammoma is 
not complete, the data so far available seem to throw some hght on this 
problem From Table II it is seen that urea is present m the blood of all 
specimens exammed, while Table I shows that it is absent from the urme 
of Animals A, B, and C and present only m the urme of Animal D (Table I) 
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The percentage of excreted ammonia mtrogen m Animal D is decidedly 
lower than the average for the other tluee animals On the other hand 
the sum of the peicentages of ammoma nitrogen and mea mtiogen of this 
ammal comes veiy neai to the average percentage of ammoma mtiogen 
for the othei three animals This, added to the fact that the blood of all 
the specimens exammed contains an appieciable amount of ammoma as 
well as uiea, suggests that the ammoma m the uiine of the sea-tuitle might 
origmate partly from blood ammoma and paitly from blood urea T his 
suggestion receives furthei suppoi t from the fact that the highei percentage 
of excretory ammoma in An im als A, B, and C is not accompamed vath 


Table II 

Some Non-Protatn Nitrogen Constituents of Blood of Chelone mydas 


Constituents 

Nitrogen m 100 cc blood 

j 

Animal A 

.tVnunal B 

Animal C 

Animal D 

i 

Total non-protem N 

Ammoma N 

Urea N 

Unc acid N 

Amino acid N 

mmm 

MS 

560 

3 8 

40 4 

I 6 

9 2 

mg 

280 

6 9 

16 7 

2 1 

15 0 



Table III 

Uric Acid As Deposit in Urine 


Animal 

Total uric aad 

Unc acid N 

Unc acid N in 100 cc 
unne 


mg 

mg 

mg 

A 

45 5 

15 17 

S 67 

C 

79 8 

26 6 

10 23 


decreased amounts of excretory ammo acids The part of ammoma which 
originates from blood iiiea is probably formed m the kidneys 

Table I also shovs that the mam part of the end-pioduct of punne 
metabohsm is m the foim of allantom and a small pait m the form of uric 
acid But it looks as if the ability of tuitles to oxidize uric acid to a- 
lantom is less than that of mammals, as the values of uiicolytic ° 
these ammals aie as follows Ammal A 75, Animal B 86 5, Amma > 
and Animal D 54 2 Moreover if the uric acid, which is found as a eposi 
m the urine of Animals A and C (see Table III) and which should be in- 
cluded with excretory uiic acid, is taken mto consideiation, the v 
the uncolytic mdex of these two animals will be 49 4 and 77 2 respec iv 
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Iti iitaninials the uiicol 3 ^tic inclev is much highei The average foi dif- 
feient lodciits is 65, foi dilleient ungulates 90 2, and foi diffeient Caimvoia 
07 (10) It Is lemathible thit llilej'’ iiid Lewis (10), using the method 
of Cliiistm in, li uc f uled to lind alhiitom in tlie mine of Chi ysB 7 nys p%cta 
T ible I shows also that hippuiic acid is excieted in laige amounts This 
11113 ' to the hcibivoious diet of these ammals Hippmic acid is 

ahe ui 3 known to occm in huge amounts in the mine of heibivoious mam- 
mals hotscs (11), cows, o\on, ind sheep (42) 

Ihc tompai itnol 3 ' high conccntiations of hippmic acid and cieatme 
excictcd b 3 ' the animals investigated lecalls what is known to occm m 
mammals (13, 14) Details of the mode of foimation of these substances 
in sea-turtles aie at piesent being investigated 

SUMjr VRY 

1 /Vminonia foims the niajoi nitiogen end-product in the mane of Che- 
lone mydat, 

2 Uiea IS absent from the mme of the mcijoiity of the animals examined 

3 Allautoin forms the mam end-pioduct of pmine metabolism The 
uucolytit index is, howevei, less than that m mammals 

4 Hippmic acid is found in the mine in appieciabfe amounts 

The authoi wishes to expiess his thanks to Piofessoi K Mansoui and 
to Dr J I hlansom-Bek foi valuable advice and ciiticism 

BIBUOGRVPHI 

1 Wmterstein, H , Ilaiidbucli doi vcrgleichcndon Physiologie, Jena, 2 (1924) 

2 Magnus, R , and Mullei ,Aich Anal Physiol u luissmsch J/ed , 214 (1835) 

3 Marchand, R F , / prakl Cham , 34, 244 (1845) 

4 Schiflf, H , j'lnn Chem u P/ia( , 3, 368 (1835) 

5 Cleinenti, A , Arch Sc biol , 14, 1 (1929) 

6 Mills, T W ,J Physiol , 7, 453 (1886) 

7 Drilhon, A , and Marcoux, F , Bull Soc chim hiol 24, 103 (1942) 

8 Bunan, R , Aich yes Physiol , 136, 741 (1910) 

9 Lewis, H B , Science, 48, 376 (1918) 

10 Wiley. F H , and Lewis, H B , Am J Physiol , 81, 692 (1927) 

11 Koch, F C , Practical methods m biochenustry, 2nd edition, Baltimore (1937) 

12 Yan Slyke, D D , and Cullen, G E , Biol Chem , 19, 211 (1914) 

13 Damodaran, M , and Sivaiamakrishnan, P iM , Biochem J , 31, 1014 (1937) 

14 Damodaran, M , and Sivaramaknshnan. P M , Enzymologia, 12, 56 (1946) 

15 Han k, P B , and Bergeim, 0 , Practical physiological chemistr 3 , 11th edition, 

London (1938) 

16 Piegl, F , Quantitative organic microanalysis, translated by Fyleman, E , Lon 

don, 2nd edition (1924) 

17 Benedict, S R , and Frankc, E , J Biol Chem , 52, 387 (1922) 

18 Christman, A A , and Ravivitch, S , J Biol Chem , 95, 115 (1932) 

19 Shaffer PA,/ Biol Chem , 18, 525 (1914) 



616 


EXCRETION IN REPTILES I 


20 Folm, 0 , J Biol Chain , 17, 469 (1914) 

21 Griffith, W H , J Btol Cham , 69, 197 (1926) 

22 Larson, H W , J Biol Cham , 94, 727 (1931-32) 

23 Fohn, 0 , J Biol Chain , 86, 173 (1930) 

24 Nash, T P , Jr , and Benedict, S R , J Biol Chain , 48, 463 (1921) 

25 Fohn, O , J Biol Chain , 101, 111 (1933) 

26 Fohn, O , J Biol Cham , 106, 311 (1934) 

27 Fohn, O , J Biol Cham , 61, 377 (1922) 

23 Damelson, IS,/ Biol Chain , 101, 505 (1933) 

29 Russell, J A , / Biol Cham , 166, 467 (1944) 

30 Delaunay, H , Trav Slat biol Arcachon, 24, 95 (1927) 

31 Delaunay, H , Coinpl rand Soc btol , 101, 371 (1929) 

32 Delaunay, H , Biol Rev , 6 , 265 (1931) 

33 Conway, E J , and Cooke, R , Biochani J , 33, 457 (1939) 

34 Nash, T P , Jr , and Benedict, SR,/ Biol Cham , 48, 463 (1921) 

35 Benedict, S R, and Nash, T P,Jr,/ Biol Cliem , 69, 381 (1926) 

36 Nash, T P . Jr , / Biol Cham , 82, 673 (1929) 

37 Van Slyke, D D , Phillips, R A , Hamilton, P B , Archibald, R M , Futcher, 

P H , and Hiller, A , / Btol Cham , 160, 481 (1943) 

38 Schoenheinier, R , and Rittenberg, D , Physiol Rev , 20, 218 (1940) 

39 Schoenheimer, R , The dynamic state of body constituents, Cambridge (1942) 

40 Mathews, A P , Physiological chemistry, Baltimore, 6th edition (1939) 

41 Baumann, / physiol Cham , 7, 282 (1883) 

42 Lindsay, D E , Biochani J ,B, 79 (1911) 

43 Quick, A J , / Biol Cham , 92, 65 (1931) 

44 Bloch, K , and Schoenheimer, R , / Biol Cham , 138, 167 (1941) 



/ 

THE ESTIiMATION OF SERUM VITAMIN A WITH 


VCTIV VTED GLYCEROL DICHLOROHYDRIN* I 


Ih VLBLRl E bOBEL v\u SELIG D SEOW 

(from Iht Diparlmcnl of litochcmtslnj and the Pedialnc Research Laboratory, The 
fcwish Hospital of Brooklyn, New York) 


(KeLout-ci for pubhcatiou, August 20, 1947) 


Ihib papei tlealb with a new metliod foi the estimation of vitamin A 
in blood serum based on the new coloiimetiic leaetion between vitamm A 
md ictivated glycerol dicldoiohj^diin (GDH) 

}^Io3t of the available methods foi estimating vitamin A in blood serum 
depend upon the antimony tiichloride leaction (1-6) The diawbacks to 
this leaction aie that (1) the coloi is unstable and must be read ivithm 5 
seconds aftei addition of the reagent (unless low temperature is employed) , 
(2) it IS sensitive to moisture in air and leagents, and thus evtieme anhy- 
drous piecautions must be obseived, and (3) the leagent is conosive and is 
a soume of danger to the instniments employed 
Dining the course of oui investigations Bessey et al (7) leported a 
method foi the deteimination of vitamm A in small quantities of serum 
which IS dependent on the measurement of the ultraviolet absorption of 
serum extracts at 328 my. before and attei iiiadiation with ultraviolet 
light These deteiminations require expensive equipment, mcludmg an 
ultiaviolet spectrophotometei and an ultraviolet lamp for irradiation 
Hemolyzed blood has been found to give higher carotene values, and due 
to the high blanks after ii radiation, the results tend to be unreliable (see 
Table I) 

Recently a new colorimetnc reaction of vitamin A was reported, which 
takes place on the addition of piactical (8) or activated (9) glycerol di- 
chloiohydrin to a solution of vitanun \ m chloroform This new reaction 
appears to be suitable for quantitative purposes, since it obeys Beer’s law 
over a reasonable range, and offers the foUowmg advantages over the 
■widely used Carr-Price reaction (1) (1) the violet coloi produced is stable 
for from 2 to 10 imnutes after the addition of the leagent, (2) the reagent is 
not affected by traces of moistuie on the most humid days, (3) no film of 
antimony oxychloiide is left on the cuvettes, (4) the reagent is piactically 
non-corrosive, and (5) the stable coloi makes possible the use of a slow 
leading, null-point spectrophotometei (Beckman) in the measurement of 
the absorption of the violet color, (6) the mterference of vitamins D 2 and 

* Presented m part before the Division of Biological Chemistry, American Chemi- 
cal Society, 111th meeting, Atlantic City, April 14-19, 1947 
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Da, ergosteiol, 7-dehydiocholesteiol, and cholesteiol upon the GDH 
reaction has been found to be negligible (8, 9) 

In the application of GDPI to vitamin A deteiminations on fish oils (10), 
the lesults in analyses iiith the leagent shoved good agieement mth 
analyses in which the SbC'h leaction is employed 


T\bll I 

Vitamin A and Carotene Values of Serum in Picsencc and Absence of Hemohjzed Red 

Blood Cells 


Hcmol>zed cells 

1 A 
Log — 

Before irradiation 

323 ntft 

After irradiation 

\ itamin A 

Carotene 




y per cent 

y per cent 

Absent* 

0 163 

0 OSS 

44 

179 

Present 

0 315 

0 200 

67 

220 

Absent* 

0 134 

0 015 

52 

92 

Present 

0 645 

0 515 

76 

200 

Absentt 



39 

245 

Present 



41 

235 

Absent! 



54 

170 

Present 



53 

170 

“tbsentf 



2S 

100 

Present 



28 

100 


* Ultraviolet absorption method (7) 
t SbCh method (6) 


T\bie II 

Influence of Moislui e on Vitamin I Anali/sis at 37° and SO Pci Cent Relatne Humidiiy 
The results are expressed as optical densitj , log lo/h 


chcIj ! 

. SbCii 

GDH 

Dry 

Saturated v ith \\ ater 

0 1382 

0 1838 (Cloudy) 

0 1904 

0 1904 


Fulthei studies of reagent piopeities have sliomi that m usmg ntamn A 
standards in chloioform which have been satuiated ivith watei at 37 an 
in an atmospheie of 50 pei cent relative humidity the readings obtained m 
vitamm A deteiminations aie identical with those vnth anhydious stanc- 
ards when GDH is used as the coloiimetiic leagent Under these same 
conditions the leadings vaiied consideiably betveen anhydious and ivatei 
saturated standards when the Caii-Piice leaction was used, as is shoivn ni 
Table II Attempts to lead at 720 mp the cloudiness mteiference en 
counteied in the use of the SbCb leagent undei humidified conditions were 
never completely successful 
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Cloudiness interference was also present and often uncontrollable in the 
use of the Cxri-Pnce reagent when analyses weie attempted on saponified 
human seia (7) and on whole lat sera Neithei of these conditions dis- 
turbed vitamin A analysis when GDII was the colorimetric leagent 

The re igent has also shouai itself to give a relatively stable value 
o\er a period of from 6 to 13 months, as is illustiated in Table III The 
GDH checked was selected at landom fiom batches of the reagent which 
had been activated in this laboiatoiy Theie were no special precautions 
taken in storage The reagent had been kept on the shelf, subject to 
exposure to diffuse light, in cleai, glass-stoppeied Pyiex bottles 
The used reagent may be recovered and redistilled with SbCb (as de- 
scribed below) The activated leagent prepared from waste glycerol 
dichlorohydiin has been found to have good stability and good activity 
(Table III) 


Table III 

Dclcrioralion of GDH As Measured by Value of Color Produced on Addthon of 

Vitamin A 


GDH source 

1 cm 
value 

Elapsed 

time 

2nd 

1 cm 

Total 

deteriora 

tlOD 

Average 

deterioratioa 



tnos 


ptr cent 

per cent per nio 

Eastman Kodak 

1144 

6 

1015 

11 

1 8 

Shell 

1090 

13 5 

S93 

18 

1 3 

Shohan 

1338 

6 

1313 

1 8 

0 30 

Waste GDH redistilled 

1437 

7 

1398 

2 7 

0 39 


Preliminary studies (11) on the application of GDH to the estimation of 
serum vitamm A disclosed certam disadvantages of the reagent which 
would have to be removed The value of the reagent is only about 
one-fourth that of the SbCb reagent The interference of carotene was 
higher than with SbCb when absorption measurements were made with a 
ivide band ividth of light such as is given by the Coleman spectrophotom- 
eter or filter photometers 

Owing to the stability of the GDH-vitamin A color it is possible to read 
the color in a horizontal absoiption cell which provides a long (50 mm ) 
light path mth a volume that in the usual test-tube type of cuvette has a 
13 mm light absorption path This color can so be read more sensitively 
than the SbCU color, which requires the test-tube type of cuvette for rapid 
leadmg Fig 1 shows the cuvette used in these studies, mth a 50 mm 
length and of 2 8 ml capacity 

A further change in instrumentation, the use of a 555 ma filter instead of 
Filter PC-4, m conjunction with the Coleman universal spectrophotometer 
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had a 2 -fold benefit The valued of the GDH reaction was increased 
about 25 per cent and so was raised to the equivalence of the value ^ 
The Eum values obtained in the use of the Beckman spectrophotometer 
and the values found with the two filter systems m the Coleman 



Fig I Schematic diagram of horizontal absorption cells of length 50 nun The 
capacity is approMmately 2 S ml The diameter of the cylindrical cuvette isappro'o 
mutely 8 mm 


T.VBU3 IV 


Comparison of Extinction Coefficients of Vilannn A'GDH Reaction 


AcuvatcU GDH 

Batch No 

lastiument 

Beckaun 

Et%^ 5SSmM 

Coleman um% ersal 

L\% 

1 cm 

Filler FC*4 

SSSffiii filtei 

1 

1420 

1165 

1440 

2 

1490 

1165 

1450 

3 

1470 

1250 

2500 

4 

1490 

1190 

14S0 

5 

1330 

1100 

1340 

Mean 

1440 

1170 

1440 


spectiophotometer on different batches of GDH are shown in Table IV 
By the use of the 555 mg filter and the longer absoiption path, the optical 
densities of the coloi produced with GDH were of the same magnitude or 
higher than the densities of the color produced mth SbCh on equal amounts 
of vitanun A With the use of the 556 mp filtei the carotene mterference 

1 The term , analogous to introduced by Dann and Evelyn (13) for 
use in photoelectric colorimeters nhich employ a band mdth of light of about 30 
40 mpi, refers in this paper to the extinction coefficient obtained with the use o 
photometers and spectrophotometers (Coleman) which give a wave band o 

about 35 mp wide „,,„nients 

3 The term is used for the extinction coefficient obtained with mst 

m which monochromatic hght is employed 
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in the GDII icnctiou was only 10 to 20 per cent higher than the interference 
found with SbClj m liumin blood concentrations (lepiesented by 1 0 to 
3 0 y of carotene per ml ) as is illustiated in Table V 
It w'as bliown in a pievious lepoit (11) that GDH determinations gave 
highei values than antimony tiichlonde on whole seium (In that study 
neither the 555 m;i filtei noi the hoii 2 ontal cuvette was used ) Smee that 
report Bessoy cl al (7) liaAe showm that liighei lesults were obtained on 
sapomlicd scrum than on whole seium with the SbCls reagent We de- 
cided to compile whole and saponified seium deteimmations for the Cair- 
Pnee reaction ind for the GDH leaction The data obtained for s \teen 
sera studied aic presented in Table VI Oui lesults ivith SbCb agreed with 
the findings of Bessey et al The values on saponified sera were sigmficantly 
higher than those on w'hole seia (for SbCb) Vitamm A values on GDH 


Table V 

Companion of Carotene Interference tn SbCh and GDH Reactions 


1 

Carotene 

i 

Vitamm A cquivaleot of color 1 

GDH-SbCIi 

SbClj 

GDH 

Difference 

•y ml 

Y 

7 

ptr een 

1 0 j 

0 104 

0 124 

+19 

2 0 

0 200 

0 230 

+15 

3 0 

0 295 

0 338 

+15 

4 0 

0 337 

0 446 

+32 

5 0 

0 383 

0 540 

1 +41 

7 2 

( 0 481 

0 910 

+89 

14 4 

0 871 

1 840 

+111 


determmations of whole serum w'eie again found to be higher than the 
SbCls results on whole serum 

There is, however, good comparison between the sapomfied serum 
estimated woth SbCb and both the whole and sapomfied sera estimated 
with GDH This tendency for GDH values on sapomfied and unsapom- 
fied samples to be closei than the coiiesponding SbCb values was in- 
dicated in previous studies on fish oil (10) 

The discrepancy in values between whole and saponified serum vitamm 
A found in the use of antimony trichloride did not occui as markedly 
in the case of whole and saponified sera determmed with GDH In com- 
parmg the means of the whole and saponified serum values determined 
with GDH and SbCb, shown in Table VI, it appears that the SbCb 
sapomfied value agrees more closely with the GDH value for saponified 
serum than with that for whole serum It was found, however, that the 
average deviation of the GDH saponified value (±7 6 y) from the SbCk 
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saponified value was gieater than the average deviation of the result 
for GDH whole serum (±6 1 y) fiom that of SbCls saponified whole 
serum Tkts suggests that sapomficahon ts not necessary when GDH isiised 


Table VI 

Comparison of Vitamin A Values on Whole and Saponified Beta with GDH and 
Antimony Trichloride As Colortmelnc Reagents 


The values are expressed in micrograms per 100 ml of serum 



"Whole serum 

Saponified serum 

Seram No 

I Vitamin A 


Vitamm A 





Carotene 



Carotene 







ShCU 

1 GDH 


SbC)> 

j GDH 


1 

42 6 


129 



153 

2 

39 1 


109 



119 

3 



150 

43 5 

36 9 

143 

4 

37 0 

31 0 

135 

43 S 

29 8 

142 

5 

32 2 

45 6 

141 

42 5 

52 9 

145 

6 

22 7 

30 7 

168 

33 8 

46 2 

187 

7 


37 0 

105 

36 1 

31 0 

109 

S 

21 8 

34 9 

141 

U 8 

45 4 

152 

9 

31 3 

40 9 

136 

44 4 


139 

10 

24 2 

33 6 

159 

46 2 

43 3 

167 

11 

38 3 

39 8 

151 

41 9 

45 4 

157 

12 

34 8 

41 7 

122 

53 5 

0 44 4 

143 

13 

21 8 

37 2 


30 8 

35 2 

111 

14 

34 3 

44 7 

IIT 

47 0 

44 8 

110 

15 


48 4 

99 

33 7 

46 9 


16 


47 3 

190 

51 3 

51 3 

200 

Mean 

31 8 


134 

41 2 

41 5 

141 


( 

1 


i 




1 



'p 



r 







s nt 

±1 4 

±1 4 


±1 4 

±1 1 



* P represents the frequency with which the difference between two means may be 
due to chance alone When P = 0 05 or less, the difference between two means is 
considered statistically significant (13) Since in the present study each observe 
tion in one senes corresponds to an observation in another series, the small samp e, 

pair method of Fisher (13) w as used . 

t Standard deviation of duplicates from the mean '\/,Sl(£i 2 )/(;i— 1), d = mdivi ua 
deviation from the mean of the duplicates 

as the colorimetric leagent in seium vitamin A deleiimnalions PrelimiDary 
studies m this laboratory on sera of subjects followijig high vitanm 
intake indicate, however, that when abnormally high values are 
(e g in vitamin A tolerance tests) values found with GDH are e 
higher with saponification than without saponification These a a 
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shown in T ible VII Foi inost valid icsulls, especially when high values aie 
cxpcckd, saponificalwn of the sci um bcfoieexti acLion is therefoi e i ecominended 

In \ lew of the f u oiublc piopeities of GHD, mc considered the desirability 
of elimin itnig uilij^dions piecautions (diyiiig seium petioleum ether ex- 
tract with uihydioub Na>SOi, ledistilling chloioform, and keeping it ovei 
the dry Na^SOj) and dispensing with the ledistiUation of the petroleum 
ether 

Comp 11 ibon w as made oi \ itamin V \ alues on whole serum, with GDH, 
(1) Mith mhydious piecautions and with ledistillation of the petioleum 
ether, (2) without mhydious piecautions, but with ledistilled petioleum 
ether, and (3) uithout inhj'drous piecautions, and inthout ledistillmg the 
petioleum ethei 


Tvble VII 

Vilajtiin A Values Found with Use of GDH and SbCh on Saponified and Whole Sera, 
and with Ultraviolet Absorption Method of Bessey et al (7) after 
Administration of Large Amounts of Vitamin 


Subject No 

Hra alter 
administration of 
OOOOU S P 
units vitamin A 
per lb body 
weight 


Vitamin A per 100 m! 

senun 


SaponiUcd serum 

Whole senun 

GDH 

SbCh 

Ultraviolet 
absorption (7) 

GDH 

SbCb 



y 

y 

y 

y 

y 

1 

3 

406 

322 

357 

366 

305 

1 

6 

183 

183 

186 

158 

144 

2 

3 

885 

927 


656 


2 

G 

458 

458 


184 


Mean 


483 

473 


341 



As IS shown m Table VIII, vitamin A values obtamed with the simplifi- 
cation of reagents and proceduie are m good agreement ivith those found 
when the more elaboiate technique, necessary m SbCb detenmnations, 
was used 

Vitamin A values ivith and -without anhydrous piecautions compared 
well The standaid deviation of duplicates fiom then respective means 
with anhydrous precautions was ±2 1 7 (3 6 per cent) and ±1 4 7 (2 5 
per cent) without anhydrous precautions These data revealed no ob- 
jection to the deletion of anhydrous precautions from the method of blood 
analysis when GDH is used as the colorimeti ic reagent Values found cvith 
the further simplification, namely the use of analytical reagent grade of 
petroleum ether instead of the ledistilled reagent, agreed well with those 
found when the petroleum ether was redistilled before use The standard 
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deviation of duplicates fiom their means, ±0 5 7 (0 9 per cent), indicates 
that this modification may also be recommended when GDH is used 

Tible VIII 

Effect of Removal of Anhydrous Precautions and of Use of Redistilled Reagents m 
Determination of Vitamin A with GDH Comparison Also of Vitamin A and 
Caiolene Values with 460 mn Absorption Method and 800 inn GDH 
Method for Carotene Determination 


The values are expressed in niicrogranis per 100 ml of serum 


i 

Seruin No 

Carotene determmed at 410 j 

Carotene determmed at SOO rrm 



(by 

(c)' 

' (a) 

(b) 

(c) 


Vilanun A 


1 

63 7 

63 4 

58 0 

63 3 


60 7 

2 

57 7 

60 8 

60 0 

56 1 

60 6 

61 0 

3 

43 2 

47 4 

39 3 

39 0 

41 4 

37 4 

4 

71 8 

71 8 

78 2 

72 4 

72 2 

76 6 

5 

39 7 

39 6 

39 1 

40 3 

39 7 

39 1 

6 

58 6 

55 3 

52 6 

58 7 

53 8 

52 4 

7 

59 8 

58 6 

59 5 

60 6 

59 1 

59 7 

Mean 

56 4 

56 7 

55 2 

55 8 

56 0 

55 3 

S D t 

±2 1 

±1 4 

±0 5 

±1 4 

±0 5 

±0 5 


Carotene values 


1 

221 

225 

230 

226 

208 

205 

2 

160 

164 

171 

176 

166 

166 

3 

150 

142 

150 

192 

198 

165 

4 

139 

131 

139 

134 

128 

151 

5 

100 

96 

91 

94 

94 

91 

6 

155 

143 

131 

134 

158 

133 

7 

127 

131 

127 

119 

127 

125 

Mean 

150 

147 

148 

156 

154 

KH 

set 

±4 8 

±6 3 

±4 2 

±7 8 

±13 6 



* (o) anhydrous precautions, redistilled petroleum ether, (6) no anhydrous pre 
cautions, but redistilled petroleum ether, (c) no anhydrous precautions, no re is 

tilled petroleum ether 1 1 nn 

f Standard deviation of duplicates from the mean In statistical eva ^ 
of the means there uas no sigmficant difference found between any of the means 
for both vitamin A and carotene values 

The absoiption spectra foi vitamin A and caiotene leactions ivith GDH 
fuither suggested that carotene could be determmed at 800 mg from 
same solution used to measure at 550 mg the absorption due to vitamin 
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The separate step foi caiotenc estimation necessaiy when SbCh leagent is 
employed could be eliminated Instead of the quantitative transfers of 
the petroleum ethei cxtiact to and fiom the absoiption cell for deteimina- 
tion of c iioteiie at 440 m/i, the evtiact could be directly evapoiated and 
the dried extiact taken up m chloioform and treated ivith GDH The 
vitamin A leading would be taken at 550 m^ and the caiotene reading at 
SOO mil fiom the simc solution 

Compaiisons veie made of caiotene and vitamin A values found foi 
uhole sei x between the 440 mg carotene absorption and the 800 mg GDH- 
carotene methods for caiotene determination As the data presented m 
Table VIII show, the values found foi vitamin A and carotene in the final 
simplification of the method (no anhydious precautions, no redistilled 
reagents, and carotene measurement at 800 mg) compare favorably with 
the values found wuth the method as it is conventionally used 

The measurement of carotene at 800 mg has the disadvantage of a 
relatnely low Lfcm value (9) for GDH-carotene at this wave-length 
Ilow’ever, the use of instruments capable of transmitting light of wave- 
length 830 mg should obviate this difficulty, as is mdicated m the caiotene- 
GDH absorption curve (9) Nevertheless, the measurement at 800 mg 
entails only slightly less precision than at 440 mg The standard deviation 
of duplicates from their means for carotene when measured at 440 mg was 
±4 2 7 (2 8 per cent) and ±5 7 7 (3 8 per cent) when measured at 800 
mg with GDH (deternunations in both cases wuthout anhydrous pre- 
cautions or redistilled reagents) Measurement of carotene-GDH color 
at 830 mg bemg more sensitive, and so m an area of greater accuracy for the 
spectrophotometer, should make for greater precision m this method of 
carotene determination 

This difference in precision for carotene estimation between the two 
methods was not reflected in the eventual vitarmn A precision The 
standard deviation of duplicates for vitamm A when carotene was measured 
at 440 mg was ±0 5 7 (0 9 per cent) and also ±0 5 7 (0 9 per cent) wffien 
carotene was determmed at 800 mg with GDH 

The simplification of vitmin A analysis with the use of GDH as the 
colorimetric reagent dispenses with the necessity of anhydrous precautions 
and ledistdled reagents For instruments capable of transimttmg wave- 
lengths of light of 800 mg or ovei, the measurement of carotene need not 
entail an entirely separate set of procedures, but can be obtamed from the 
same GDH solution used for vitamm A estimation 

Method 

Reagents — 

1 95 per cent ethanol (U S P ) 



626 


DETERMINATION OP SEBUM VITAMIN A 


2 1 N KOH m 90 pei cent ethanol freshly prepared (stock solution 
prepaied from 1 pait of a stock solution of 1 n KOH and 10 paits of abso 
lute alcohol The stock solution of KOH may be used for several months ) 

3 Petroleum ether, b p 30-60° (a) Analytical leagent grade, (6) 

analytical leagent grade, distilled, fraction between 30-60° used 

4 Nitrogen, Ohio Chemical Company 

5 Na 2 S 04 , anhydious, analytical leagent giade 

6 Cliloiofoim (a) Analytical leagent glad, e, (&) analytical reagent grade, 
washed with watei, distilled, fiist and last fi actions discarded, and kept 
ovei dry NaS 04 

7 Antimony tiichloiide, analytical leagent giade 

8 Cair-Price leagent, 30 gm of SbCls in 100 ml of chloroform solution 

9 Carotene, 90 pei cent /3-, 10 pei cent a-, from General Biochemi 
cals, Inc 

10 Standaid vitamin A solution About 40 to 50 mg of a vitamin A 
concentrate, which comes in gelatin capsules, contiol PC-3 fiom Distillation 
Pioducts, Inc , weie diluted in chloiofoim to give the desiied concentra- 
tions of vitamin A 

The concentiate has an value m absolute ethanol of 100 75 This 
value was supplied by the manufactuieis and agreed with that found by the 
authors Multiplying this value by 2000, the standard commercial con- 
veision factor, permits estimation of the vitamin A potency at 201,500 
U S P units pel gm If the extinction of the concentrate is divided by 
the extmction of ciystallme vitamin A alcohol m ethanol, 1780, the vitamin 
A content of the concentiate becomes by simple propoition 5 56 per cent 

11 Activated GDH Glyceiol dicliloiohydim (Eastman Kodak, practi- 
cal giade, amixtuie of 1 ,3- and 2,3-dichloiohydimfrom the Shell Chemical 
Company) is vacuum-distilled in the presence of approximately 1 per cent 
by weight of SbCls at from 10 to 40 mm of piessuie, the fimt and last 
fi actions bemg discaided The distilled leagent should be colorless an 
deal (a sample of the leagent should not become even slightly cloudy on the 
addition of water) The presence of SbCb m the distillate (shoum when a 
sample of GDH becomes cloudy upon the addition of water) can e 
remedied by a second vacuum distillation (It is lecommended that an 
oil bath plus a water pump be used in distillation ) The activated reagen 
may be obtained fiom the J B Shohan Laboratories, 78 Wheeler oin 
Hoad, Newark 5, New Jersey 

Appal atus — 

1 Coleman universal spectrophotometer, model 11 The iQS ™ 

was calibrated according to the directions given by the manu ac u 
This instillment employs a band of light 35 m/i unde leman 

2 13 cm cuvettes and cuvette cairier obtamed from t e 

Electric Company 
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3 5 0 cm ( in cLtcs cljlained fiom the Pyrocell Manufacturing Company, 
20/ East soil Slioct, Xon Yoik 28 Cniiei obtained fiom the Coleman 
Elcctiie Compain 

I 555 niyu filtoi (hltei tombination 3482, M608, 1 0 mm, and 5300, 
j\I951, 4 0 mm ) obtained liom the Coining Glass Woiks, Corning, New 
Yoik 


Placed UK foi 1 ilainiii .1 Analysis of Seiwn (iinth Coleman 
Speeb opholomclei ) 

1 ml ol seium is pipetted into a | X 4 inch test-tube 1 ml of 95 pei 
cent eth mol is idded md the contents of the tube mi\ed by tapping (or 
for saponihcation 1 ml of the 1 n KOH in 90 pei cent ethanol is added, 
and the contents of the tube mived and placed ui a 60° oven foi 20 mm- 
utes) 2 ml of analytical leagent petioleum ethei aie added, and the 
tube IS bh iken foi 10 minutes Mtei shalung, the tube is centiifuged for 
about 30 seconds The supernatant petioleum ethei is aspiiated and 
placed in a j X 4 inch test-tube The aspiiatoi is a fine tipped diopper 
AVith anothei 2 ml of the petioleum ethei, and shaking foi only 5 minutes, 
the oxtiaction pioceduie is lepeated (If carotene is to be determined at 
440 mu, the petioleum ethei extiact is quantitatively tiansfened to a 13 
mm cuvette, and the \ olume biought to a 4 0 ml giaduation maiked on 
the side of the cuvette The absoiption is lead at 440 lan vith Filter 
PC-4 The extiact is quantitatively tiansfened to a ^ X 4 inch test- 
tube ) 

The evtiact is evapoiated to diyness by placing the tube in a 40-50° 
vatci bath and lunnmg a sti earn of nitrogen ovei it 1 0 ml of analytical 
leagent giade chloiofoim is added to bung the diied evtiact mto solution 
4 ml of GDH are added The chlorofoim solution and the GDH are 
muved with a flat tipped stiiring lod 2 minutes after mixtuie the solution 
IS placed in a 50 mm cuvette The absoiption of the solution is measured 
fii-st at 550 m/i (mth the 555 m^ filtei) against a blank consisting of 4 ml 
of GDH and 1 ml of chloiofoim 

The n ave-length dial is then turned to 800 m/x^ the 555 m/i filtei leplaced 
A\ith Fdtei PC-5 and at 4 minutes aftei the initial mixture of the leagents 
the absoiption is lead at 800 ran 

The absoiption at 800 mit will give the caiotene content (fiom the 
caiotene cahbiation chait) The caiotene content enables the evaluation 
ot the optical density at 550 m/x which is due to caiotene (from the caro- 
tene mteifeience chait) The optical density foi caiotene mteifeience is 
subtiacted fiom the total optical density at 550 m;: The lesultant optical 
density gives the vitamin A lalue (fiom the iitamm A calibration chart) 
(The GDH-chloiofoim solution when piepaied as desciibed above has a 
volume of 5 0 ml Since the horizontal cuvette has a capacity of less than 



628 


DErnEiCtNATION OF SERUJI VITAMIN A 


3 ml , it IS possible to perform the analysis on 0 6 mi of serum by reducing 
the amount of all leagents used by six-tenths The intensity of the color 
produced by the 3 0 ml of GDH-chloroform solution prepared in this 
manner ivill be the eqmvalent of the 5 0 ml of solution obtained when 1 0 
ml of serum is used for determinations ) 

Preparation of Calibration Chat ts 

Vitamin A — ^The vitamin A leference graph is piepared with standards 
in chloroform solution eontaimng from 0 2 to 5 0 7 of the vitamin per ml 
The Yitamm A-containmg standaid solution as wnll as the GDH is pre 
heated to 25° befoie use To 1 0 ml of the standard m a glass-stoppered 
cylmder are added 4 0 ml of GDH The contents of the cylmder are 
mixed by inversion and aie placed in a 25° water bath for 2 minutes 
The solution is then poured into the 5 0 cm cuvette (see Fig 1) The 
absorption of the pink color produced is lead against a blank consistmg 
of 4 0 ml of GDII and 1 0 ml of cliloroform The instrument is used 
with the w ave-length scale set at 550 mn m conjunction with a 555 m/i 
filtei Optical density is plotted against vitarmn A content (per ml ) of 
standaid used (The 1 ml of cldoxofoim, m w’hich the vitamin A extract 
IS dissolved, lepiesents the Aitamin A in 1 ml of serum, the calibiation 
chait can so be used to read directly the amount of vitamin A in 1 ml of 
serum ) 

Cai oiene Dete) mined at 440 vifi — ^The absoiption of solutions of carotene 
in petroleum ethei eontaimng 1 0 to 10 0 7 of carotene pei 4 ml is read 
against a peti oleum ether blank When optical density is plotted against 
carotene concentration (per 4 ml ) a straight line should result (Since 
the carotene content of 1 ml of serum is extracted with, and read from, 

4 ml of petroleum ethei, the concentration per 4 ml read from the cahbra- 
tion chart actually repiesents the concentration per 1 ml of serum ) 

Carotene Detei mined with GDH at 800 mp — ^The chart is prepared in the 
same maimer as the vitamin A graph with use of chloiofoim solutions of 
carotene eontaimng fiom 1 0 to 10 0 7 of carotene pei ml (Absorption is 
lead at 4 minutes after reagent mixture ) Optical density at 800 is 
plotted against carotene concentration (per ml ) Filter PC-5 is used wit 1 
the Coleman spectrophotometer In instiuments capable of transmitting 
light of wave-length 830 m^t this wave-length should be used for carotene 
determinations with GDH 

Carotene Interference — This graph is prepared in the same mannei 
that for vitamin A, carotene bemg substituted for vitamin A m 
tions of from 1 to 10 7 per ml (The reading is taken at 550 m/i wi 

555 mil filter ) , 

This graph is used to correct the vitamm A reading at 550 m 
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interference ol taiotene is lollows Fiora the optical density at 440 oi 
SOO ni;i the taiotene tontcntiation is found (with the caiotene giaph) 
The optical density which this amount of caiotene will pioduce at 550 ma 
IS found fiom the c iiotene inteifeience giaph This optical density is 
subtracted fioin the tot il optical density found at 550 mja From the 
corrected 550 ni/i optical density, the vitamin A concentration is tound on 
the Mt unin \. giaph 

Ipphculion of Method to Othei Instnunents 

Beckman Sped) opholomelei — The vitamin A is evaluated at 555 m^t and 
the c iioteue at 830 mfi The lesidue fiom the petroleum ether extract of 
1 ml of scrum is dissolved m 0 2 ml of chloi oform and is treated with 
0 8 ml of GDPI The optical densities aie measured m absorption cells 
of 1 0 cm light path and of 1 0 ml capacity For cells of smaller volume 
but with the same length of light path, the amount of serum may be 
reduced proportionately to the reduction of reaction mixtuie required, 
ivith corresponding reduction of the \olumes of chloroform and GDH 

Filler Pholomeleis — By emplo3mig 555 m|t and 440 mii filters (oi an 
800 mil filter) the method may be used on any of the filter photometers 
The volume of serum may have to be incieased, depending on the length 
of the light path and the volume of colored solution necessary, as shown 
below 

,, , , , Volume of CljCH + GDH (1 4) mixture reqmred 

Volume of serum required = z ; — — ; — n r; 

Length of light path m cm 

Visual Colornnele) — ^For the visual colorimeter the procedure is the 
same except that the dried extract of 1 ml of serum should be taken up 
m 0 2 ml of chloroform instead of 1 0 ml , and 0 8 ml of GDH is used 
instead of 4 0 ml The colors of the unknown and of a standard are 
compared m micro cups havmg a 1 ml capacity and of 40 mm length 
The standard is prepared from 1 ml of a chloroform solution of vitamin A 
containing 2 5 7 of the vitamm per ml and 4 0 ml of GDH Each un- 
known requires an mdependent standard, simultaneously prepared 

EXPERIMENTAL 

Humidity Studies — ^The study of the efiect of humidity on the GDH 
reaction described in Table II was made m a 37° walk-m meubator Pans 
of water weie placed m the incubator foi about 24 hours prior to the time 
the actual deteimmations were done m order to create a humid atmos- 
phere Relative humidity was measured from readings on whirled wet 
and diy bulb thermometei-s Standards were prepared undei anhydrous 
conditions m the laboiatoiy A portion of the vitamm A-chloroform 
solution was saturated ivith moisture by shakmg with distiUed water 
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Carotene inleiference was deteinuned by measuimg diiectly absoipUou 
due to luio^vTi amounts of caiotene, and also by measurmg the increase m 
optical density due to the addition of known amounts of caiotene to 
knoivn amounts of vitamm A The mteifeieiice in the SbCb leaction 
was measuied at 615 mp with Filter PC-4 and foi the GDH reaction at 
550 m /1 with the 555 m/i filter on the Coleman umvei-sal spectrophotometer 

Convpanson of Whole and Saponified Seia — In comparing whole and 
saponified sera wnth GDH and SbCb as coloiimetiic reagents, all detei- 
mmations wmre made on 1 0 ml samples of serum Wliole sera were 
treated with 1 ml of 95 pei cent ethanol, and for saponification the seia 
A\ere treated Avitli 1 ml of 1 \ KOH m 90 per cent ethanol and heated 
at 60° for 20 mmutes (as recommended by Bessey et al (7)) 

For extraction, in all cases 2 ml of the redistilled petroleum ethei were 
added to the treated sera in f X 4 incli test-tubes The test-tubes w'ere 
sealed with size 00 rubber stoppers which had previously been extracted 
vnth petroleum ether Shaking (m a shaking machine) for 10 minutes 
followed The tubes were centrifuged at slow speed for only 30 seconds 
(to prevent packmg of the precipitate) The supernatant petroleum 
ether, contammg the extracted vitamin A, w'as aspirated into another 
f X 4 inch test-tube A piece of glass tubing drawn to a capillary tip 
was fitted with a lubbei bulb for this purpose The aspirator was made 
long enough so that the extract would not come in contact with the lubbei 
bulb Another 2 ml of petroleum ether were added to the once extracted 
serum and the extraction procedure repeated, this time with shalung for 
only 5 mmutes 

The petroleum ether extract was dried by adding a small amount of the 
Na 2 S 04 and allowmg it to stand for about 20 minutes The extract was 
then poured into a square 13 mm cuvette and, wnth petroleum ether 
w'ashing of the Na 2 S 04 and rinsing of the test-tube, the extract was brought 
to a 4 ml graduation marked on the giound glass surface of the cuvette 
The absorption at 440 m/i against a petroleum ether blank was used to 
determine carotene content 

The extract w'as transferred again to a 1 X 4 inch test-tube, with pe- 
troleum ether rinsing ot the cuvette The extract was evaporated to 
dryness under a stieam of nitiogen m a 40-50° water bath 

For SbCb readings, 0 5 ml ot the di> chloroform w'as added to the 
test-tubes to brmg the dried extract into solution The 0 5 ml of chloro 
form W'as poured from the tube mto the 13 mm cuvette Another 0 5m 
of CHClj was added to the test-tube and again poured into the cucette 
To the solution m the curette wmre added 3 ml of the SbCb reagen 
Readings of the maximum “stable” deflection of the galr anometer were 
made wnthm 5 seconds after the addition of tire Cair-Pnce reagent at 
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615 nifi agAinst a 1 3 CllCla-SbCla blank 0 1 ml of acetic anhydride was 
added to 10 ml of SbCb reagent immediately before usmg 
For GDII the dried extract was brought to solution by the addition of 
1 0 ml of CIIClj to the test-tube 4 ml of GDH were added to the 
chloroform solution Complete mixture of the leagent and sample was 
achieved (by an up and down motion) with a flat tipped stirnng rod 
Ihe test-tube was placed m a 25° constant temperature bath About 
90 seconds after mixture the solution was poured mto the 50 rmn cuvettes 
(Fig 1) At 2 minutes after mixture the readmg at 550 mju was talcen on 
the per cent transmission scale against a chloroform-GDH blank set at 
100 per cent transmission All readings were taken on the Coleman 
universal spectrophotometer Filter PC-4 was used when carotene, at 
440 mg, and vitamin A, at 615 mg, were determined With GDH the 
555 mg filter was used at 550 mg 

Ehminahon of Anhydrous Precauhons and Redistilled Reagent 

In studying the effect of removal of anhydrous precautions and of 
dispensing ivith the use of redistilled reagents the techmque was modified 
only as to the type of reagent used and the elimmation of the step of diymg 
with anhydrous NaiSOi In these senes the readings at 550 mg were 
taken by the null-point method The blank was set at 0 on the gal- 
vanometer scale and at 100 on the drum dial 
For carotene detennmations at 800 mg the GDH-CHCU solution was 
kept in the cuvettes after readmg at 550 mg The wave-length dial was 
changed to 800 mg, and the 555 mg filter replaced by the Coleman Filter 
PC'5 The drum dial was set at 100 per cent T and the galvanometer 
scale reset at 0 for the blank The readmgs were taken at 800 mg about 
4 mmutes after mixture of the GDH and chloroform solution (The 
cuvettes were nnsed with chloroform between determinations and dried ) 
Correction for the presence of carotene was made essentially by the 
method of Dann and Evelyn (12) m the serum determinations 

The authors are mdebted to Dudley Browne of the Amencan Home 
Products Corporation, New York, and Charles Kem and Harry Hoffman 
of the International Vitamin Division of the Ives Cameron Company, 
Brooklyn, for their mterest and financial support of this mvestigation 

SDMMABY 

A method is descnbed for measunng carotene and vitamm A m 1 (to 0 6) 
ml of serum with activated glycerol dichlorohydrm (GDH) as a colon- 
metnc reagent 

Changes m instrumentation (the use of a 50 mm honzontal cuvette and 
a 555 mg filter) have made the GDH measurement of vitamm A as sensi- 
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tive as the Carr-Pnce reaction Carotene interference with the suggested 
filter IS found to be only 10 to 20 per cent higher with GDH than with 
SbCls m the carotene concentrations found m blood 
Study of reagent properties showing non-interference of moisture in the 
reaction is descnbed 

The method has been compared with the Carr-Pnce method on whole 
and saponified sera V alues with GDH on whole and sapomfied sera and 
values with SbCU on sapomfied sera compare favorably Whole sera 
estimated with SbCla gave low values 
Simplifications of procedure found possible with the use of GDH are 
(1) elimination of anhydrous precautions, (2) elimmation of redistiUed re- 
agents, and (3) the measurement of carotene at 800 ran from the same 
GDH solution that is used for vita min A estimation 
The application of the method to use on the Coleman spectrophotometer, 
the Beckman spectrophotometer, the filter photometer (electnc colonm- 
eter), and the visual colorimeter is descnbed 
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FATTY ACID METABOLISM 

VI CONVERSION OP ACETO ACETATE TO CITRATE IN ANIMAL TISSUES, 
STUDIED WITH ISOTOPIC CARBON* 

NORAI VN F FLOYD, GRACE MEDES, and SIDNEY WEINHOUSE 

(From the Lankc/iau Hospital Research Institute, Philadelphia, and 
the Research Laboratories of the Houdry Process Corporation of 
Pennsihania, Marcus Hook) 

(Received for publication, August 21, 1947) 

In Paper V of this senes (1) it was found that the citrate which accumu- 
lates during the oxidation of C‘^-tagged acetoacetate by rat kidney m the 
presence of oxalacetate had a high content of isotopic caibon, thus confirm- 
ing the participation of tiicarboxylic acids m the oxidation of fatty acid 
mtermediates The present study represents a contmuation of the m- 
vestigation of this reaction with the objects of determmmg (o) to whatextent 
acetoacetate contributes to citrate formation under anaerobic conditions, 
(b) whether acetoacetate is converted to citrate in other tissues besides 
kidney (2), and (c) to what extent the appearance of isotopic carbon m the 
citrate could be attributed to assimilation of CO 2 

Results 

Anaerobic Formation of Citrate from Isotopic Acetoacetate — Krebs and 
Eggleston (3) found that the acetoacetate which disappears anaerobically 
in sheep heart in the presence of oxalacetate could be quantitatively ac- 
counted for as |3-hydroxybutyrate, from which they concluded that the 
small amount of citric acid formed under these circumstances came ex- 
clusively from oxalacetate, the effect of acetoacetate being merely to mam- 
tain the concentration of oxalacetate by means of the foUowmg equihbnum 

(1) CHaCOCHjCOOH + HOOCCH 2 CHOHCOOH GHjCHOHCHsCOOH 

+ HOOCCH 2 COCOOH 

From our previous results (1), however, it appeared very hkely that 
acetoacetate carbon contributes to citrate formation also under anaerobic 
conditions This proved to be true, as is shown by the results of the first 
expenment recorded m Table I As m the previous aerobic experiments, 
rat kidney homogenate, 90 gm , was incubated m a salme solution contain- 

* With the technical assistance of Mary Cammaroti, Ruth ALllmgton, and Ethel 
Niessen 

The authors wish to express their appreciation to the Sun Oil Company, Phila- 
delphia, for their generous assistance in this work 
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mg 0,01 M acetoacetate, 0 02 m oxalacetate, and 0 03 m Ba++ ions, the only 
diffeience bemg substitution of oxygen by nitrogen as the gas phase A 
total of 54 mg of citnc acid was foimed havmg a excess of 0 78 per cent 
Degradation by the procedure descnbed previously (1) revealed the 
presence of 2 22 pei cent m the prnnary caiboxyls, 0 20 per cent in the 
tertiaiy COOH, and none in the non-COOH carbons The absence of any 


Table I 

C*’ Distribution in Products of Oxidation of C^^-Tagged Acetoacetate in Presence of 

Ions and Oxalacetaie 

2 hours at 38° 



Tissue 

Kidney, 90 0 gm , 
anaerobic 

Muscle 100 gm , 
aerobic 

Brain, 38 3 gm 
aerobic 


C** excess 


C‘* excess 


Ci» eKcss 


tnu 

per cent 

tnit 

per cent 

mar 

per cent 

Acetoacetate, start 

2 87 

3 83 

3 68 

3 50 

1 41 

3 10 

“ end 

0 72 

3 78 

2 44 

3 45 

0 62 

3 06 

“ used 

2 15 


1 24 


0 79 


Respiratory CO- 


0 40 


0 75 


0 61 

Citric acid 

0 28 

0 78 

0 42 

0 49 

0 35 

0 26 

Primary COOH 


2 22 


1 30 


0 73 

Tertiary COOH 


0 20 


0 25 


0 21 

Non-COOH carbons 


0 00 


0 00 


0 00 


appreciable dilution of the isotopic acetoacetate mdicates that there was no 
endogenous acetoacetate foimation 

(2) CH3C‘’0CH3C‘’00H s- 2CH,C”OZ 


OH 

(3) + HOOCCH.COCOOH > HOOCCH 2 — C— CH C^’OOH 

COOH 


On the assumption that one of the two citrate primary carboxyls is 
derived from either a /3 01 a carboxyl carbon of acetoacetate accordmg to 
equations (2) and (3), we can calculate that of the total citrate forme , 
2 22 X 100/3 83 = 58 per cent, came fiom acetoacetate carbon 

Citrate Formation from Acetoacetate in Muscle and Brain ^Breusc s 
observation that citrate is formed by a variety of animal tissues m e 
presence of acetoacetate and oxalacetate (notably muscle, heart, ^ > 
bram (2)) constituted the first suggestion of the wide scope of t e 
carboxyhc acid cycle m acetoacetate oxidation, but the possibihty rema 
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that m certain of these tissues oxalacetate oi endogenous substiates other 
than acetoacetate seived as the sole souice of carbon for citiate formation 
This might be expected, particularly in such tissues as muscle and bram, 
m winch caibohydiate is consider ed to be the sole oi piedominant substrate 
undeigomg oxidation Howevei, as is shoivn in the second and third ex- 
periments of Table I, the citiate formed duimg the oxidation of isotopic 
acetoacetate by lat skeletal muscle and biam had a high content and 
hence was derived in substantial part from acetoacetate With muscle 
the citrate had a C*’ excess of 0 49 per cent, distributed as follows 1 30 in 
the primary carboxyls, 0 25 in the tertiary COOH, and none in the non- 
COOH carbons Calculation mdicates that in tins tissue 1 30 X 100/3 50 
= 37 per cent of the total citrate was denved by equations (2) and (3) from 
acetoacetate carbon With biain homogenate the citiate had a C*’ excess 
of 0 26 per cent, distributed as follows 0 73 per cent m the primary car- 
boxyls, 0 21 in the tertiary COOH, and none in the non-COOH carbons 
The percentage of the total citrate derived from acetoacetate by equations 
(2) and (3) is thus 0 73 X 100/3 10 = 24 In neither muscle nor biam was 
there any significant dilution of the acetoacetate, denoting the absence of 
endogenous acetoacetate formation 

COi Assiimlation in Citrate Formation— In all three of the experiments of 
Table I, as well as m the pievious ones (1), the C*’ content of the primaiy 
carboxyl positions was higher than the respuatory CO 2 , hence, the latter 
could be excluded as the sole souice of the isotopic carbon m this position 
of the citrate molecule It was possible, however, and mdeed hkely, that 
part of the C^^ appearmg m this position, as well as the C*® present in small 
amount m the tertiary carboxyl, represents the assmnlation of isotopic CO 2 
resultmg from acetoacetate oxidation Accordmgly, three aerobic ex- 
periments were carried out mth kidney, muscle, and brain, m which non- 
isotopic acetoacetate was oxidized in a medium of 0 02 m bicarbonate, hav- 
ing an 8 per cent excess The results of these experiments, recorded m 
Table II, reveal that assimilation of bicarbonate carbon does lead to the 
mcorpoiation of isotopic carbon m the citiate, but only in the teitiary car- 
boxyl and not m othei positions 

There are two knoivn CO 2 assimilation reactions leadmg to mcorporation 
of CO 2 mto citrate carbon These are the Wood and Werkman reaction 
(4) mvolvmg the reversal of oxalacetate decarboxylation, and the recently 
discovered reaction of Ochoa (5) mvolvmg the reversal of oxalosuccmate 
decarboxylation 

CH 3 COCOOH + C“02 OH 

Ti I 

(4) CHjCOX -f HOOC^CH COCOOH > HOOO’CHj — C — CH.COOH 


COOH 
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The Wood and Werkman reaction, occurring in the presence of isotopic 
bicarbonate, as shoivn in equation (4), should result m the incorporabon 
of isotope in the citrate prnnary carboxyl positions, if oxalacetate also is 
in equihbnum with the symmetncal fumarate, ivill appear in both 
oxalacetate carboxyls and, hence, m both the primary and tertiary citrate 
carboxyls Inasmuch as no appeared m the pnmary citrate carboxyls 
m the experiments inth isotopic bicarbonate, ne may conclude that the 
Wood and Weikman reaction does not occur to an appreciable extent under 
the conditions of these experiments 

On the other hand, addition of CO 2 to the )3-carbon of a-ketoglutarate to 
form oxalosuccmate and the reduction of the latter to isocitrate would 


Txble n 


Oxidation of Non-Isolopic Acetoacelate in Presence of Isotopic Bicarbonate 
2 hours at 38° in O. 


1 

Tissue 

Kidne> 

43 6 gm 

iluscle, 

165 gm 

Brain, 

46 6gm 


O* excess 


C>» excess 


C‘> «cess 

1 

mu 

per cent 

mu 

fer lent 

mu 

fer ant 

Acetoacetate, start 

1 46 

0 00 


-0 01 

1 13 

-0 01 

“ end 

0 59 

0 00 


0 00 

0 40 

-0 01 

“ used 

0 87 




0 73 


Respiratory CO; 


1 67 

I 

1 30 


Wh 

Citric acid 

0 60 

0 04 

0 44 

0 04 

0 37 

■EB 

Primary COOH 


0 00 


0 01 


0 00 

Tertiary COOH 


0 02 


0 IS 


0 14 

Non-COOH carbons 


: 0 00 


0 01 


-0 01 


ultimately result m the mcorpoiation of CO 2 mto the citrate tertiary car- 
boxyl (equation (5)) 

(5) HOOCCHjCH.COCOOH -J- CwQ, HOOCCH.CHCOCOOH 

Ci’OOH 


Isocitrate 
cts-acomtate 
< — 


OH 

HOOCCHj — 0 — CHjCOOH 
C«OOH 


We may conclude, therefore, that the appearance of m the 
citrate carboxyl, either with isotopic acetoacetate as substrate or 
non-isotopic acetoacetate and isotopic bicarbonate as substrates, 
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result of assimilation of isotopic CO2 via the Ochoa reaction (reversal of 
oxalosuccinate decarboxylation) 

EXPERIMENTAL 

The isotopic acetoacetate was made either by the procedure described 
previously (1) or by a micro scale modification of the usual method, ivith 
metallic sodium as a condensing agent The purity of the ester so obtamed 
as determmed from the refractive index and assay by the VanSlyke(6) 
method, ranged in seveial preparations between 85 and 95 per cent The 
isotopic sodium bicarbonate was prepared by absorption of isotopic CO 2 
in 1 M COo-free NaOH, followed by precipitation with alcohol 

The kidney and brain tissues, rapidly excised from rats fasted 24 hours, 
were homogenized by the Potter-Elvehjem procedure, the skeletal muscle 
was prepared m the Latapie mincer When not othenvise mdicated m the 
text, the mcubation of substrates and the isolation of products were earned 
out as desenbed in the previous report (1) Each of the experiments of 
Tables I and II actually lepresents the combmed values of two to six 
separate experiments carried out on successive days This procedure was 
necessary to obtam sufficient citrate, of which a minimum of about 50 mg 
was necessary for the isolation and degradation procedures 

DISCUSSION 

Although the data of these experiments provide definite evidence for the 
conversion of acetoacetate to citrate m a variety of animal tissues, they 
also reveal that a substantial and, m brain foi example, a major portion of 
the citrate arises without participation of the isotopic acetoacetate That 
such citrate is formed via endogenous acetoacetate is excluded because of 
the non-ddution of the added isotopic acetoacetate 

Although the source of this non-isotopic citrate is still uncertam, there is 
apparently no reason to assume that it has been formed by a mechanism 
other than the one postulated for the formation of the isotopic citrate, 
namely, a C2-C4 condensation of oxalacetate with an acetyl group The 
non-isotopic acetyl groups required could have been denved either from the 
oxidation of endogenous substrates, or from oxalacetate itself via pyruvate, 
accordmg to equation (6) 

(6) HOOCCHjCOCOOH CH,COGOOH ^ CH3COX 

SUMMARY 

When acetoacetate, tagged with C” m the /3 and carboxyl positions, is 
metabohzed anaerobically m kidney and aerobically m bram and muscle, 
the citrate which accumulates has a high C*’ excess m the primary carboxyl 
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positions and a low excess in the tertiaiy caiboxyl The aeiobic metab 
olism of non-isotopic acetoacetate m the piesence of isotopic bicaibonate 
leads to assimilation of COo exclusive^ in the teitiaiy citiate caiboxyl 
The vaiiable excess appealing in the piimaiy caiboxyls mdicates that 
the citrate is formed partly fiom acetoacetate caibon and paitly from en- 
dogenous substiates oi oxalacetate It is suggested that both types of 
citiate lesult fiom the same leaction, i e , the isotopic citi ate bj'’ condensa- 
tion of oxalacetate with isotopic acetyl gioups fiom the added acetoacetate 
and the non-isotopic citiate by condensation of oxalacetate with non 
isotopic endogenously foimed acetyl groups 
The piesence of m the tertiaiy citrate caiboxyl is assumed to result 
fiom CO2 assimilation via a-ketoglutaiate carboxylation (Ochoa leaction) 
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THE S'i'NTIIESIS OF 1-METHYL 3-C/mBOXYLAMIDE-6- 
P\THDONE FROM TRIGONELLINE 

JESSE W HUFF 

{[' roiii ihi, Di,parlinaiU of BiochemtMnj, Medical Research Division, 

Sharp and Dohme, Inc , Glenolden, Pennsylvania) 

(Received for pubhcution, September 13, 1947) 

The isof itioii of l-metln I-3-caiboxyIainide-6-pyiidone ftom human lume 
as a metabolite of nicotinamide lecently has been desciibed by Eaiox and 
Giossman ( 1 ) These ttoikeis piepaied the p 3 'ridone by the enzymatic 
oxidation of N'-methj'lmcotmamide with a quinme-oxidizing enzyme ob- 
tained fiom labbit hvei ( 1 ) 

In connection w ith studies m these laboi atones on the fate of N'-methyl- 
nicotinamide in man and in laboiatoiy ammals, l-methyl-3-carboxy-6- 
pyiidone was piepaied by an alkaline ferncyamde oxidation of either 
tugonelhne oi N‘-methyhiicotinamide and conveited to the corresponding 
amide, l-methyl-3-caibox'ylamide-6-pyiidone, by tieatment Avith SOCI 2 
and NH 3 The experimental details of the synthesis aie described heie 
l-Methyl-3-caiboxy-6-pyiidone previous^ has been prepared fiom 
coumahc acid bj’’ iing closure with methylamme ( 2 ) 

Prepai alien of l-ji{elhyl-S-carboxy-6-pyndone — To 8 gm of tiigonelhne 
acid sulfate dissolved in 115 ml of 2 5 n NaOH, theie were added, at 100 m 
temperature with stirring, 87 ml of a 32 per cent solution of K 3 Fe(CN )6 
at the rate of 1 ml per minute Aftei being stiiied foi an additional 45 
minutes, the solution was adjusted to pH 3 5 MnthH 2 S 04 , cooled to 50°, and 
the bluish ciystalhne mass filtered off and v ashed wnth cold watei An 
additional quantity of the material may be obtamed by extraction of the 
filti ate with ethei in a continuous extractoi The crystals weie dissolved m 
85 ml of boiling watei , stirred foi a few mmutes ivith 130 mg of norit A, 
and filtered through a steam-heated fuimel The clear filtrate, on coohng 
oveimght m the refrigerator, yielded 4 4 gm of white needles meltmg at 
240-241° 

Pieparahon of l-MetliylS-caihoxylavude-d-pyudone — 4 gm of 1-methyl- 
3-caiboxy-6-pyridone i\ere heated undei reflux for 1 houi on a steam bath 
with 20 ml of SOCI2 After removal of the excess SOCI2 by^ vacuum dis- 
tillation, the sohd acid chloride was shaken for a few mmutes ivith 10 ml of 
ice-cold concentrated NH4OH and the mixture placed m the refrigerator 
for about 1 hour After filtering and washmg noth ice water there were 
obtained 3 0 gm of the white crystalhne compound The meltmg pomt 

639 



640 


l-MBTHYL-3-CAIlBOXYl,AinilE-6 PYKtDONB 


after recrystallization from 5 ml of watei was 210-210 5° (m a bath pre- 
viously heated to 190°) The mixed melting point mth the pyridone amide 
isolated from human urine was unchanged 

SUMMARY 

A proceduie is described for the synthesis of l-methy]-3-caibo\ylainide- 
6 -pyridone, a metabolite of mcotmamide Tngonelhne or N*-methyl- 
nicotmamide was oxidized to l'methyl-3-carbo\'y-6-pyndone by treatment 
with alkaline feaicyamde The acid pyridone was converted to the 
conespondmg amide with SOCU and NH 3 
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In oui fatudies on epideimal cai cmogenesis in mice the small amounts of 
tissue available foi analysis (1, 2) piompted a study of a nev pioceduie 
foi the quantitative deteimmation of cytochiome c Foi this puipose, 
we developed a polarogiaphic pioceduie, based upon the fact that this 
enzjTOe gives a catal3d;ic wave in a solution of NH4CI, NH4OH, and he\- 
ammmo cobaltic chloiide The polaiogiaphic effect of protems w'hich 
jueld catalytic weaves w^as discoveied by Heyiovsky and Babicka (3), and 
extensively studied by Bidifika (4-7) Mullei and Davis (8) have lecently 
pioposed the piotein index as a convenient method of chaiactenzing and 
compaiing the catalytic w'aves obtained wuth blood protems and their 
degiadation products 


Method 

Catahjiic Wave of Cytochiome c — ^Foi a study of the catalytic wave an 
electiophoretically piepaied sample of cytochiome c (Fe content 0 411 per 
cent) was employed This was kindly given to us by Dr H Theoiell of 
the Biochemical Institution of the Medical Nobel Institute, Stockholm, 
Sweden Polarogiaphy of the cytochiome c was studied in a solution of 
1 N NIT4OH, 1 N NBfiCl, and 1 to 1 1 X 10“® m hexammino cobaltic chlo- 
iide contaimng 1 di op of a 1 pei cent gelatin solution as a maximum 
suppiessoi per 10 ml of solution The mixture in an open shell vial, 
which permitted deep mseition of the mercuiy electiode, was polaio- 
giaphed immediately aftei mixing the cytochrome c with the othei re- 
agents, starting at — 1 0 volt (vei sus the saturated calomel electrode) 
The type of catalytic wave given by cytochrome c at a concentration of 
18 y pel ml is shown m 1, Fig 1 The tip of the catalytic wave is at 
about —15 volts versus the satuiated calomel electrode The catalytic 
wave immediately follows the reduction of the cobaltous ion, and 

* This investigation was aided by grants from The International Cancer Research 
Foundation, the National Cancer Institute, and the Charles F Kettering Founda- 
tion Presented, in part, before the Thirty eighth annual meeting of the 4merican 
Society of Biological Chemists at Chicago, May, 1947 
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after recrystallization from 5 ml of watei was 210-210 5° (m a bath pre- 
viously heated to 190°) The mixed melting point vuth the pyridone amide 
isolated from human unne was unchanged 

SUMMARY 

A pioceduie is desciibed for the synthesis of l-methyI- 3 -carboxylainide- 
6 -pyridone, a metabolite of mcotmamide TiigoneUine or N*-methyl- 
mcotmanude was oxidized to l-methyl-3-caibo\y-6-pyndone by tieatment 
with alkalme ferncyamde The acid pyiidone was conveited to the 
corresponding amide with SOCh and NH 3 
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bee lUbO other pioteiiib m ibk the catalytic wave For the initial e\tiaction 
of the pigment the pioccduie of Rosenthal and Diabkin (9) was the most 
suitable, even though sulficient piotein othei than cytochrome c remained 
in tlie c\ti let to prevent foimation of a perfect catalytic wave The 
following method has been found ideal foi the isolation of the enzyme for 
pol irograph}' The cytochiome c extract fiom tissues (Rosenthal and 
Dribkiu (9)) IS brought to pH 7 2 to 7 4 with dilute NaOH, centrifuged, 
and then adsorbed on aluminum oxide (Bakei and Adamson’s No 1 or 



Fig 2 Calibration curve of the catalytic wave of cytochrome c in n NH4C1, n 
NHjOH, and 1 X 10”’ si hexammino cobaltic chloride 

ID or Baker’s No 12728) The adsorption is cairied out in a 15 ml 
centrifuge tube by thoroughly mixing the adsorbent and solution with a 
stirring rod The cytochrome is adsorbed immediately, while most of 
the proteins remain in solution The tube is then centrifuged, the super- 
natant decanted, and the adsorbent washed with 4 ml of phosphate 
buffer (0 1 m NaH 2 P 04 , 0 1m Na2HP04 of pH 6 8 to 7 0) by stirring vigor- 
ously with the same stirring rod as in the first step and then centrifugmg 
This step IS perfoimed four more times m order to wash out the non- 
adsorbed proteins The cytochrome c is then eluted with four successive 
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2 ml portions of 2 n NH4OH by agitating the alumina in the alkalme 
solution with the stirrmg rod and centrifuging and decantmg the eluted 
c3d;ochrome c The supernatant contammg the cytochrome c is chilled in 
an ice bath and then brought to pH 5 8 to 6 0 with 6 n HCl (and 0 0 n 
HCl or 0 2 N NaOH near the end-pomt) at which some matenal (largely 
alummum hydroxide) flocculates The mixture is heated at 56° for 15 
minutes, and the mateiial is then separated fiom the cytochrome c by 
centnfugmg The cytochrome c thus obtained gives perfect catalytic 
waves for mouse heart, kidney, and skeletal muscle and for rat heart and 
skeletal muscle However, rat and mouse hver and rat kidney stdl 
contain some matenal which mtei feres with the catalytic wave In 2, 
Fig 1, IS shown a polarogram of cytochrome c after the first adsorption 
and elution from a rat kidney The wave is not perfect, since the tad of 
the wave does not diop to the point of inflection of the 1 eduction of the 
cobalt ion In tissue extiacts not tieated with alummum oxide the 
catalytic hump is veiy small and the cobalt wave coalesces with 
that of the ascendmg portion of the wave owing to reduction of some 
mterfeimg substance, % e , the wave due to the reduction of the cobalt ion 
IS completely masked The mterference is not due to the formation of a 
catalytic wave, but rathei to reduction which occms at about —1 2 to 
—13 volts versus the saturated calomel electiode, and raises considerably 
the catalytic hump itself (2, Fig 1) 

The substance which interferes m mouse and rat hver and m rat kidney 
can be removed by a second adsorption on alumma as follows The solu- 
tion contaimng the cytochrome c after the first elution is brought to pH 
5 8 to 6 0, centrifuged, and decanted into a graduated 15 ml centrifuge 
tube The enzyme is then piecipitated ivith trichloroacetic acid and 
(NHi) 2S04, if necessary (Rosenthal and Diabkm (9)), and the solution 
placed in the ice box oveimght or for several dajm The cytochrome c 
IS spun down, dissolved m a few ml of water, brought to pH 7 2 to 7 1, 
and then adsorbed on alummum oxide The tube is centrifuged, the 
supernatant decanted, and the alumma washed tmce ivith phosphate 
buffer as on the fiist adsorption The cytochrome c is then eluted as 
before, neutrahzed to pH 6 8 to 7 0 wnth 6 n HCl as previously, and the 
material including alummum hydroxide which flocculates is centri- 
fuged (after heating at 56° for 15 minutes) The supernatant is dehvere 
into a 10 ml volumetric flask, made to volume, and an ahquot taken for 
polarogiaphy 3, Fig 1 shows a polarogram of such an extract 
kidney The catal3itic wave is perfect for this concentration of cyto 
chrome c (The ascendmg and descendmg portions of the catalytic waw 
are closer togethei as the concentration is increased) 3, Fig ^ 
sponds to about 8 7 per ml , while that of i , Fig 1 corresponds to Y P 
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ml Ifc IS therefore quite appaient that the polarograph not only suffices 
for the quantitative deteimination of cytochrome c, but also enables one 
to follow its purification fiom an examination of the wave Whether the 
mterfeimg mateiial m mouse and lat livei and m rat kidney is directly 
associated with cytochiome c or is very similar to it with respect to ad- 
sorptive piopeities on alumina remains to be seen 

The eluates obtained from either the first or second adsorptions have 
appreciable quantities of NEbCl, and the cahbiation curve must be made 
under similar conditions The calibration cuiwe (Fig 2), m which the 
concentration is proportional to the wave height, was made with quanti- 
ties of NH4CI which were used in the work reported in this paper, and the 
effect was neghgible Only at higher concentrations of cytochrome c 
does excess NHiCl affect the wave height and is therefore not important 
from an analytical standpoint, since only that portion of the curve is used 
in which the concentration is proportional to the wave height The 
concentration of NH4CI at lower concentrations of cytochrome c must 
not be very great, since it causes confluence of the cobalt reduction wave 
with the ascending portion of the catalytic wave, thus makmg accurate 
measurement of the wave height more difficult 

Specificity of Catalytic Wave — ^To determme whether other amino acids 
might produce a catalytic wave m NH4CI, NBLjOH, and hexammmo 
cobaltic chloride, solutions of ammo acids' (0 1 mg per ml ), of aspartic 
acid, glycme, histidme, leucme, lysine, alanme, tryptophan, senne, vahne, 
isoleucine, phenylalanme, prohne, threonme, hydroxyprolme, norleucme, 
tyrosme, argimne, glutamic acid, methionine, cysteine, cystine, and the 
tripeptide glutathione, were tested Only cysteme, cystme, and gluta- 
thione gave catalytic waves, the former two reachmg a ma xim u m height 
at about — 1 75 volts and the latter at about — 1 1 volts versus the satu- 
rated calomel electrode It is apparent then that the catalytic wave of 
cytochrome c and of the other protems to be discussed later is due to 
— SH — or to — S — S— groups m the protem molecule (4, 10) 

Results 

The results on the quantitative determination of cytochrome c m some 
mouse organs are shown in Table I The average value in micrograms 
per gm of fresh heart, kidney, Iivei, and skeletal muscle is respectively 
543, 638, 227, and 84 In Table II the content in some rat tissue is given 
For comparison the data obtamed by Crandall and Drabkm (11), Potter 
and Dubois (12), and Stotz (13) are shown In connection with the 
spectrophotometric determination of cytochrome c ideal conditions can 

* The author is grateful to Mr A L Caldwell of the Lilly Research Laboratones 
for samples of amino acids 
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be obtained by carrying out the first adsorption and elution as descnbed 
above The solutions thus obtained are optically clear Moreover by 


Table I 


Cytochrome c Content, %n Mtcrograms -per Gin of Wet Weight of 
Tissues, in Mice 


Heart 

Kidney 

Liver 

Skeletal muscle 

482 

565 

202 

113 

846 

594 

201 

103 

586 

738 

301 

110 

773 

839 

301 

88 

435 

885 

228 

77 

362 

666 

237 

91 

487 

508 

247 

77 

415 

519 

214 

76 

502 

577 

217 

46 


539 

158 

59 


542 

204 



750 

255 



573 

220 




191 


Average 543 

638 

227 

84 


Table II 


Cytochome c Content, in Mtcrograms per Gm of Wet Weight, of Rat Tissues 


Heart 

Kidney 

Liver 

Skeletal muscle 




87 

300 

326 

160 

124 

442 

297 

190 

118 

355 

320 

164 

125 

336 

269 

100 

113 

350 

296 


77 




92 

Average 356 

302 

154 

105 

“ * 447 

352 

223 

9o 

“ t 371 

247 

90 

97 

“ t 530 

330 

68 

160 


* From Crandall and Drabkin (11) 
t From Potter and DuBoia (12) 
t From Stotz (13) 


reprecipitation after the first adsoi-ption the c3doclirome c from a large 
amount of tissue can be concentrated to a verj' small volume 
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That the poluogiaphic method is adaptable to small amounts of tissue 
IS illusti ited m Table III The tissues aie extiacted with small amounts 
of XIIiOII, 1 :LS 04 , ind watei (Rosenthal and Diabkin (9)), and usually 
the vdditioii of (NllOiSOi togethei with tiichloioacetic acid is necessaiy 
to piecipitite quantitatu eljf the small amounts of cytochiome c piesent 


fvBLE III 


Cytochrome c Content of Tissues in Mice 


ct weight of tissue per analysis 

Heart 

Kidney 

sm 

y per gm 

7 per gm 



547 

0 116 


603 



527 

0 118 

\ 

393 

0 139 


439 

0 134 


410 

0 142 


380 

0 109 

431 


0 114 

324 


0 090 

322 


0 112 

312 


Average 

347 

471 


Table IV 

Recovery of Added Cytochrome c 


1 

Tissue 

1 

C>tochrome c in, 
tissue extract ' 

Cytochrome c 
added 

1 

Cytoch 

Total 

irome c 

Recovered 


y 

7 

7 

7 

Heart 

60 

77 

137 

140 

< t 

225 

77 

302 

300 

i ( 

215 

77 

292 

285 

( 

205 

193 

39S 

400 

(( 

157 

193 

350 

340 

1 ( 

210 

96 

306 

295 

Kidney 

470 

96 

566 

560 

ti 

470 

160 

630 

630 


480 

160 

640 

630 


The aveiage values (Table III) aie somewhat lowei than those sho^vn in 
Table I but aie within the lange of those in the latter table 

Good lecoveiies of pure cytochiome c w^ere obtained when it w'as added 
to extiacts of heait and kidney (as piepaied pieviously) just prioi to ad- 
soiption on alumina (Table IV) No attempt was made to test the re- 
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coveiy of cytochiome c puoi to adsoiption, since this had already been 
done by Rosenthal and Diabkin (9) 

Catalytic Waves of Othci Highly Purified Pioteins ~ — Since the polarogiapli 
had pioved to be of gieat value in the purification and deteimination of 
cytochiome c, othei highly puiified pioteins weie studied under exactly 
the same conditions as weie used foi cytochiome c The following pio- 
teins weie studied in the concentiation (per ml) indicated catalase 80 
7 , ascoibic acid oxidase 20 y, tyiosinase 1200 Millei-Dawson catecholase 
umts, D-glyceialdehyde-S-phosphate dehj'^di ogenase 1 4 mg of protein 
nitiogen, aldolase 1 5 mg of piotem nitiogen, prolactin 12 y, pepsm 8 
y, pepsinogen 8 y, desoxynbonuclease 8 y, and caiboxypeptidase 39 y 
Pepsin, pepsinogen, catalase, aldolase, D-glyceraldehyde-3-phosphate 



Fig 3 Polarograms of ascorbic acid oxidase, 1, tyrosinase, 2, d glyceraldehj de 3 
phosphate dehydrogenase, 3, and aldolase, 4 

dehydiogenase, and carboxypeptidase were crystalline The catalytic 
wave of catalase (4, Fig 1) is quite similai to that of cytochiome c, but 
catalase gives a wave height of only one-tenth that of an equal weight of 
cytochrome c 

2 The author is indebted to the following for the higUj punfied proteins Dr A L 
Bounce, School of Medicine and Dentistry, The University of Rochester, Rochester, 
New York, for the catalase, Dr J M Nelson, Department of Chennstry, Colum la 

TTmversity, for ascorbic acid oxidase and tyrosinase. Dr S Velick, Washington ni 
versity School of Medicine, for n glyceraldehyde 3-phosphate dehjdrogenase an 
aldolase. Dr A White, A ale Univeisitj' School of Medicine, for prolactin, F"" _ 

Northrop, The Rockefeller Institute for Medical Research, for pepsinogen. Dr 
Porsche, Armour and Company, for pepsin. Dr M McCarty, The Rockefe 
stitute for Medical Research for desoxynbonuclease, and Dr M L Anson o 
nental Foods for carboxypeptidase 
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In Fig 3 , 1 ind Z bhow lespectively the citalytic waves of ascoibic acid 
oxidise and tjnosinisc These waves aie somewhat similai 3 and 
Fig 3, siiow the catalytic waves of the D-glyceialdehyde-3-phosphate 
dehydiogenase and aldohse lespectively These waves aie again similai, 
but distinct tiom tliose of ascoibic acid oxidase and tyiosinase and also 
fioin tint of c 3 dochiome c 

In Fig 4 the polaiogiams of piolactm, pepsin, pepsinogen, and des- 
ox 3 nibonucleise iie showm in 4, 2, 3, and i lespectively In geneial 
these wives iie sirailai to each othei but signally diffeient fiom all the 
pieceding ones Caibox 3 '^peptidase (Fig 5) is diffeient fiom all othei 
proteins examined in that the tail of the wmve does not diop The cata- 
lytic wmves of the last five pioteins aie essentially double in natuie, a small 



Fig 4 


Fig 5 


Fig 4 Polarograms of prolactin, I, pepsin, 2 pepsinogen, 3, and deso\jnbonu- 
clease, 4 

Fig 5 Polarogram of carbo\ypeptidase 


catalytic hump occurring at — 1 1 volts and another at — 1 7 volts versus 
the saturated calomel electrode 

A though these catalytic waves aie highly specific for — S — H — or 
— S — S — groups, it is quite apparent that there must be different ai range- 
men ts or combinations of these groups in the proteins examined to result 
in such varied catalytic wave types 

Since the pH of the NH 4 CI, NH4OH, and hexammino cobaltic chloride 
solution IS 9 35 (glass electrode), some of the proteins examined aie prob- 
ably denatured in spite of the fact that the solutions w^eie polarographed 
within 10 minutes after the addition of the enz 3 Tne to the buffer solution 
Theiefoie, it is possible that the catalytic wmves may be due in part to 
denatured oi partially denatured pioteins 
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Foi those piotems (enzymes) winch yield catalytic waves it should be 
possible to woik out extinction pioceduies wheieby then quantitative 
deteimination on an absolute basis can be accomplished As with cyto- 
chiome c, the technique may also be of value in a study of the purification 
of a piotein fiom a study of the catalytic wave m the piocess of isolation 


SUMMARY 

1 A polaiogiaphic method has been developed for the determination 
of cytochrome c m small amounts of tissue The piocedure is based 
upon the fact that cytochiome c gives a catalytic wave m a solution of 
ammonium chloiide, ammonium hydi oxide, and hexammmo cobaltic 
chloude The height of the catalytic wave is pioportional to the con- 
centiation of cytochiome c m miciogiams (1 to 30) pei ml 

2 A new pioceduie foi the puiification and isolation of cytochiome c 
b 3 ^ adsoiption on and elution fiom aluminum oxide is given 

3 A study of the cataljdic wave is also of use m following the purifica- 
tion of cytochiome c at diffeient steps in its isolation Fiiitheimore, work 
with the polaiogiaph has shown that theie aie mateiials associated with 
cytochiome c in lat hvei and kidney and mouse hvei which have similai 
adsoiptive pioperties to cytochiome c These aie lacking in heart and 
skeletal muscle of the lat and mouse and m mouse kidney 

4 Results obtained with lat and mouse kidnejq liver, heait, and skeletal 
muscle aie given and they'- aie found to be m agieement with the spectro- 
photometiic data lepoited by otheis 

5 The catalytic waves of some othei highty puiified piotems aie given, 
and the possibility of using the polaiogiaph foi then quantitative detei- 
mination on an absolute basis is biiefly discussed The instiument may 
also be of use as an aid m the puiification of piotems (enzyunes) fiom 
an examination of the catalytic wave obtained fiom tissue extiacts undei 
vaiious conditions 

6 Only cysteine, cystine, and glutathione of the ammo acids teste 
undei the same conditions as fot cytochiome c gave catalytic waves 
Theiefoie the catalytic waves of the piotems examined must be due to 
— S— H — 01 — S — S — gioups 


BIBLIOGRAPHY 


1 Canuthers, C , and Suntzeff, V , J Biol Ckem , 159 , 647 (1945) 

"I Carruthers, C , and Suntzeff, V , Cancel Res , 7, 9 (1947) 

3 Hc>rovsky, J , and Babicka, J , Colled Czechoslov Chem Commumcat , 

4 Brdicka, R , Collect Czechoslov Chem Commumcat , 5, Hi {Ud ; 

5 Brdicka R , Nature, 139, 330 (1937) 


2, 270 



C C VIIUOTHERS 


651 


6 Brdicka, 11 , Ido U7UO internal cancrum, 3, 13 (1938) 

7 Brdicka, II , No\iik, F V , and Kluinpar, J , Acta radial el cancerol Bohem et 

Morav , 2, 27 (1939) 

S MOllLr, 0 II , ind D ivis, J S , Jr , / Biol Chem , 169, 667 (1945) 

9 Iloiicnthal, 0 , and Drabkin, D L , J Biol Chem , 149, 437 (1943) 

10 Kolthoff, I M , and Linganc, J J , Polarography, New York (1941) 

11 Crandill,M W , and Dribkin.D L ,J Biol 0/1^/1 ,166,653 (1946) 

12 Potter, V R , and DuBois, K P , / Biol Chem , 142, 417 (1942) 

13 Stotz, E , J Biol Chem , 131, 555 (1939) 
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In the couise of some e\peiiments on the enzymes piesent m brewers’ 
yeast maceiation juice, it was observed that a brief dialysis of such a juice 
against distilled water greatly diminished or abohshed its abihty to ferment 
glucose The activity could be completely lestored by addmg a boded 
extract of the undialyzed maceiation juice Full activity could not be 
lestored by the addition of POi^, Mg++, Mn++, DPN, ATP, adenyhc acid, 
or cocarboxylase when these were added singly oi together ^ However, it 
could be restoied by addmg either K+ or NHi"^ m optimal concentrations 
Studies on the fermentation of HDP-glucose mixtuies m the presence and 
absence of K+ showed that HDP was feimented m the absence of K+'or 
NH4+, but the fermentation of glucose was either abohshed 01 greatly 
retarded 

The stimulatmg effect of K+ on glucose fermentation by a cell-free yeast 
extract has been reported by Farmei and Jones (1) Smythe (2) found that 
NH4+ shoitened the induction peiiod when glucose was fermented by an 
extract of bakers’ yeast A number of workeis have shown that K+ is 
necessaiy foi maximum utihzation of glucose by hving yeast cells (3-7) 
Hevesy and Nielson, employmg radioactive K+, showed that a rapid K"’" 
exchange between cells and the medium took place m actively fermentmg 
yeast (4) Pulver and Verzai demonstrated that yeast cells took up K+ 
from the medium during a shoit period fermentation (5) This was con- 
firmed by Conway and O’Malley (6) as well as by Rothstem and Enns (7), 
who observed that the K+ absorption seemed to be a cation exchange, H+ 
diffused out of the cells and K+ diffused m The exchange could be pre- 
dicted on the basis of a Donnan equihbrium Similai changes occui m 
bacteiial fermentations, Leibowitz and Kupermmtz found that Escherichia 
coll takes up K+ from the medium during the early phase of glucose utihza- 
tion and releases it later on (8) 

1 The following abbreviations are used throughout DPN, diphosphopyndine 
nucleotide, ATP, adenosine triphosphate, HDP, fructose-1,6 diphosphate, DPT, 
diphosphothiamine, PGA, phosphoglyceno acid, FiVH*, fructose monophosphate 

6S3 
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The fact that K+ or NH4+ is necessary for alcohohc fermentation by a 
cell-fiee yeast extinct suggests that the lole of these 10ns in hvmg yeast is 
not simply that of furnishing readily diffusible cations 


EXPERIMENTAL 

Materials — 

Hexose diphosphate Barium fiuctose-1 , 6-diphosphate obtained from 
the Schwarz Laboi atones, Inc , New York The sodium salt was prepared 
by removing the baiium ivith H2SO4 and neutiahzing the acid to pH 6 
■with NaOH 

Adenosine triphosphate Piepaied from rabbit muscle as described by 
LePage (9) The sodium salt was used in these experiments 

Adenyhc acid Samples of both yeast and muscle adenyhc acid were 
employed 

Succmate buffer (0 1 m, pH 6) and accessory factors 2 ml of 0 5 m 
succmic acid, 1 82 ml of 1 n NaOH, 4 mg of MgCb 6H20, 4 mg of MeC1» - 
4H2O, 8 mg of DPN, and 0 025 ml of acetaldehyde, made up to 10 ml 

Diphosphopyiidme nucleotide Schwaiz Laboratories cozymase 

Fructose-6-phosphate - Piepaied by acid hydrolysis of HDP according 
to* Neuberg et al (10) On the basis of the organic phosphate analysis the 
compound was CeHuOgPBa SHgO 

Phosphoglyceric acid Ciystalhne barium salt, CsBiOjPBa 2H2O 

Diphosphothiamme Merck’s cocarboxylase 

Yeast maceration juice Dried yeast w^as prepared from a brewers 
bottom yeast^ by the procedure outlmed by Nilsson and Aim, Fraction B 
(11) For the preparation of Lebedev juice, 1 part of finely ground yeast 
was mixed rvith 3 parts of distilled ivater and the mixture mcubated at 
37° for 1 hour The suspension was then centrifuged for 20 to 30 mmutes 
at 3000 R p M m a No 1 International centrifuge Dialyzed yeast juice 
was prepared by puttmg 3 to 4 ml of Lebedev juice mto a 6 inch piece of 
23/32 Viskmg casmg and dialyzmg agamst i-unnmg distilled water for 90 
mmutes unless otherwise stated This piocess was earned out m a crushe 
ice bath 

Boiled yeast juice Yeast maceration juice, contamed m a centrifuge 
tube, was put mto boilmg water and stirred for 1 minute The coagulate 
proteins were removed by centrifuging 

Methods 

All of the fermentations were earned out m Warburg flasks of the conven 
tional design at pH 6 The gas phase was air in most of the expenmen 

J We wish to thank Dr M F Utter for a sample of this substance ^ 

3 Tbe yeast, as drawn from the vat, was obtained from the Keel y 
pany, Chicago, Blinois 
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At pH b theie is a slight letention of COo Howevei, it is so small that it 
can be neglected 

The eailiei experiments weie earned out at 38°, but it was found that 
some of the enzj'mes weie inactivated at this tempeiature, smce the addi- 
tion of evtia substiate at the 60 nunute inteiwal did not improve the rate 
of COi formation, wheieas, when the same experiment was carried out at 
30°, the addition of extia substiate had a pronounced effect Most of the 
expel iments neie earned out at 30° 

Yeast maceiation juice m a long, flattened piece of Viskmg casmg was 
dialyzed against distilled watei contained m a 1 liter cyhndei The mem- 
brane w as agitated continuously by bubbhng air through the water The 
etScacy of the dialysis in lemovmg readily diffusible ions is illustiated by 
the fact that the inoigamc phosphate concentration of the juice was changed 
from an initial value of 0 12 m to 0 004 m m 30 minutes and to 0 0008 m in 
GO rmnutes 

Glucose deteiminations weie made by Somogyi’s method (12) The 
ZnS 04 used m this method was added to an ahquot of the feimentation 
mi-xtuie taken dnectly fiom the Warburg flask and served the dual purpose 
of stopping the reaction and furnishing the first step in the deproteimzation 
The method proved to be highly specific foi glucose in these mixtures 
Fmctose-6-phosphate and HDP weie quantitatively lemoved by the de- 
proteimzation piocedure and piesumably other phosphate esteis are like- 
wise lemoved 

Hexose monophosphates and HDP were sepaiated by a modification of 
the scheme pioposed by LePage and XJmbieit (13) With the small amounts 
of esters that weie formed in these experiments it was necessaiy to alter the 
piocedure as follows To 2 ml of fermentation sample was added 0 2 ml 
of 50 per cent trichloioacetic acid Aftei 30 mmutes the mixture was 
centrifuged at 12,000 r p m in lusteroid tubes m a high speed centrifuge 
The supernatant fluid was quantitatively transferred to a graduated centri- 
fuge tube and adjusted to the full red phenolphthalein end-pomt mth 
approximately 0 5 N Ba(OH )2 Methyl alcohol was then added to the mix- 
ture, 1 volume for every 4 volumes of fluid, stirred thoroughly, and chilled 
m an ice water bath for 20 minutes By this piocedure the total volume 
was kept small and HDP was quantitatively precipitated It was removed 
by centiifuging shaiply for 10 minutes The supernatant fluid, which con- 
tains the hexose monophosphates, was quantitatively lemoved and the 
volume made up to 10 ml Fructose deteimmations weie carried out on 2 
ml ahquots of this solution (14) The precipitate, which contains the 
HDP, was stirred noth 2 ml of 0 1 N HCl and the final volume made up to 
10 ml Fiuctose determinations weie again made on 2 ml ahquots The 
final color production is sensitixm to small changes in HCl concentiation, 
therefore it is necessaiy to standardize the procedure carefully Color m- 
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tensities weie compared in a Coleman umveisal spectrophotometei at 490 
mp A nuxtui e of 5 mici omoles of f iTictose-6-phosphate and 5 5 micromoles 
of HDP m 2 ml of watei was analyzed by this pioceduie There were 
recovered 5 5 imci omoles of fn.ictose-6-phosphate and 5 4 mici omoles of 
HDP Without the methyl alcohol addition, only 25 to 50 per cent of the 
HDP was lecoveiable at these concentiation levels 

Although the esteis weie quantitatively lecoverable fiom simple solutions, 
fiuctose-6-phosphate behaved anomalously in the succmate buffei nuxture 
used m oui expeiiments Wlien it was added to this mixtiiie, a pait of the 
estei became precipitable by Ba"*^ and appealed in the HDP fraction The 
amount that was piecipitated constituted a laige pait of the estei when 
only small amounts weie piesent It was necessaiy to constmct a cuive 
lelatmg the amount of fiuctose-6-phosphate added to the buffer mixture to 
the E values lead on the Coleman spectiophotometei 

Results 

Yeast maceiation juice, piepared from this type of dried breweis’ yeast, 
did not feiment glucose unless a small amount of HDP ivas also added 
Nor did it feiment HDP by itself, to any appieciable extent Appaiently 
the piocess of makmg the diy yeast destioys adenylpyiophosphatase and 
the juice does not contain adequate amounts of substances that can act as 
phosphate acceptois (15) 

When both glucose and HDP aie added, the feimentation pioceeds ac- 
coidmg to the well known equation of Harden and Young, which states that 
2 moles of COj and 1 mole of HDP aie formed foi eveiy 2 moles of glucose 
fermented The late of fermentation as a function of time is shoivn m Fig 
1 At the end of 3 houis, the total CO 2 evolved is close to the theoretical 
amount that can be obtained from 40 micromoles of glucose and 5 micro- 
moles of HDP (896 c mm ) 

A biief dialysis agamst distilled water greatly 1 educed the abilitj'^ of the 
juice to feiment the same glucose-HDP nuxtuie, although morgamc phos- 
phate was letuined to the dialyzed juice as a mixture of the sodium phos- 
phates, NaHaPOi and Na 2 HP 04 This leduction in activity occurred m 
spite of the fact that the well known cofactors, Mg++, Mn++, and DP , 
necessary for alcohohc fermentation, were returned to the dialyzed juice 
The full activity was essentially completely restored by adding a 0 e 
extiact of the origmal, undialyzed juice or simply bj" adding some , 
either as the phosphate 01 as the chloride Abohtion of the induction P®™ 
when 01 boiled juice was added, which is apparent in the curves s ow ^ 
in Fig 1, wms not a constant featuie in the many similar expenmen s 

In the early experiments, before it was found that K+ could restore t 
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ictivitj , celt un other factois such as adenylic acid, ATP, and DPT, alone 
or in combination, Meie idded to the dialj'^zed juice so that the final concen- 
trition of each of these substances was 0 002 si They had no stimulatoiy 
effect On the basis of such expei iments it was concluded that the enzymes 
present m the dialyzed juice had issociated with them adequate amounts 
of these f ictois 



Fig 1 i ermentation of glucose (40 micromoles) plus HDP (5 nucromoles) by 
undialyzed and dialyzed maceration juice Sodium phosphate (0 02 m , pH 6) w as 
present in all vessels except those which received boiled yeast juice Succinate 
buffer (0 4 ml ) was added to each vessel Final concentrations of supplements, 
boiled juice, 0 2 ml per vessel, K"'", 0 02 ai added as the phosphate Of the dialyzed 
enzyme, 0 3 ml was added per vessel, while with the undialyzed juice, 0 2 ml was 
added Final volume, 1 ml , gas phase, air, t, 30“ 

On the othei hand, theie was a slight impiovement m the late of feimen- 
tation when extra DPN was added Magnesium (added as MgCb) also 
stimulated the fermentation somewhat and manganese (added as j\InCl«) 
was even better m this legard Because of these facts, these substances 
weie loutmely added to the succinate buffei 

Pig 1 shows that there was some fermentation of a glucose-HDP mixture 
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by dialyzed maceiation juice m the absence of K+ Furthei expenments 
showed that the amount of C02 pioduced was loughly accounted for by the 
amount of HDP added, on the basis that each mole of HDP yields 2 moles 
of CO2 Table I shows the ovei-all CO« production when vaiymg amounts 
of HDP weie added, togethei with a constant amount of glucose, to dialyzed 
juice supplemented with eithei sodium phosphate, potassium phosphate, or 
boiled yeast juice In the absence of K+ or boiled juice, the CO2 apparently 
IS derived fiom HDP, while glucose acts as a phosphate acceptor and is 
conveited to an estei which cannot be converted to HDP, at least not at an 
appreciable rate On the other hand, when K+ or boiled juice is added to 
the sj'stem, glucose also is fermented to CO2, as is evidenced bj”^ the large 


Table 1 

Fermentation of Glucose by Dialyzed Yeast Maceration Juice 
Each vessel contained 01 m sueeinate, pH 6, 0 002 m hlgCh and MnCh, 0 005 m 
acetaldehyde, and 0 4 mg of approximately 80 per cent DPN, final volume, 1 ml 



System 



Reaction 

time 

CO 

produced 

Glucose 

utiUMd 

Dialyzed 

Lebedev 

juice* 

HDP 

Glucose 

Supplement 

ml 

mtcromoUs 

mtcromoles 


mm 



0 5 

4 

40 

0 01 Ji Na phosphate, pH 6 

120 



0 5 

4 

40 

0 25 ml boiled yeast juice 

120 



0 3 

5 

40 

0 01 ii Na phosphate, pH 6 

ISO 

277 


0 3 

10 

40 

0 01 “ “ “ “ 6 

ISO 

493 

24 

0 3 

5 

40 

0 01 ‘ K “ “ 6 

ISO 

S46 

34 

0 3 

5 

40 

0 2 ml boiled yeast juice 

ISO 

867 

33 2 


* Lebedev juice prepared by incubating 5 gm of dry powdered brewers’ bottom 
yeast n ith 15 ml of water at 30° for 50 minutes, centrifuging, and dialyzing the clear 
juice against ice-cold, running distilled water for 75 minutes 


inciease m CO2 pioduction and glucose utihzation These results suggest 
that the degi adation of HDP to CO2 and ethyl alcohol goes on in the ab- 
sence of K+ and this mdicates that the phosphate tiansfeis, (a) fiom 1 , 
diphosphoglyceiic acid to foim ATP and (h) from phosphopyruvic aci to 
form ATP, pioceeded noimally 

Moieovei, the experiments indicate that the mabihty of the enzyme sys 
tern to ferment glucose 1 esults fi om a failui e to transform glucose mto 
at an appieciable rate If this is so, the monophosphoric acid ° 

glucose should accumulate and the equilibrium ester, 75 per 
phosphate, 25 per cent fmctose-G-phosphate, should be 
were unable to demonstrate that the mixed esters m these propo 1 
formed m oiu experiments Varying amounts of fructose -6 phospha 
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incubated for 5, 10, and 20 minutes, and it was found that approMmately 
50 per cent had disappeaied, uliethei the analysis was made at the 5 or at 
the 20 minute mteivil Negligible amounts of the estei weie fermented 
111 this short peiiod 

Se\eral expeiiments ^\ele peifoimed in which diJfeient mixtuies of glu- 
cose and HDP i\eie feimented m sodium phosphate buffer The over-all 
production of CO., the glucose utilized, and the fractose phosphate formed 
Mere mcasuied and aie lecoided m Table 11 Although somewhat moie 
COo is produced than can be accounted foi as being deiived fiom HDP, it 


Table II 

Fermentation of Hexose Diphosphate in Sodium Phosphate Buffer 
Each vessel contained 0 4 ml of succinate buffer, 0 1 ii, pH 6, 0 1 ml of sodium 
phosphate buffer, 0 2 m, pH 6, dialyzed Lebedev juice, 0 002 M MgCL and MnClj, 
and 0 4 mg of approximately SO per cent DPN, final volume, 1 ml 

Experiments 1 and 2, 0 3 ml of dialyzed Lebedev jmee per vessel. Experiment 3, 
0 3 ml of dialyzed Lebedev juice per vessel 


Experiment No 

Substrate 

COj formed 

Glucose 

utilized 

Banum 
soluble 
fraction fas 
Fil?) 

Hexose 

monopbos 

phate* 

HDP 

Glucose 

1 

mteromoUs 


c mm 

micromoles 


mtcromoles 

1 240 mm 

2 5 

37 

136 

8 4 

9 5 

19 


5 

37 

327 

20 4 

12 4 

24 8 


10 

37 

714 

35 3 

14 4 

28 8 

2 240 “ 

2 5 

37 

118 

8 5 

10 3 

20 6 

3 340 “ 

2 

29 

112 

7 6 

1 ^ 

14 6 


4 

29 

216 

15 3 

10 3 

20 6 


6 

29 

320 

22 1 

11 6 

23 2 



39 

333 

25 9 


25 4 


lot 

48 

324 

27 3 

■■ 

26 2 


♦ Based on the assumption that 50 per cent of the fructose monophosphate is 
converted to hexose monophosphate 

f Fermentation was still proceeding actively at the end of the expenmental period 


is very much less than would be expected from the glucose utilization if an 
appreciable amount of glucose were fermented Fructose monophosphate 
accumulated m all of these expeiiments, howevei , there is not good agree- 
ment between the amount of this ester and the glucose utihzed This is 
partly due to the fact that all of the chiomogemc substance present in the 
barium soluble fraction was not fructose monophosphate, but also mcluded 
some free fructose In an experiment with fructose-6-phosphate which was 
sepal ated from the mixture by the alcohol precipitation procedure of 
LePage and Umbreit (13), it was found that with mcreasmg incubation 
time a progressively larger amount of the color-producing substance re- 
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mamed soluble in alcohol This would occur if a weak phosphatase action 
spht the ester to free fiiictose 

The mixtures m the vessels which received 8 and 10 micromoles of HDP 
in Expel iment 3 were still actively fermenting at the end of 340 mmutes, 
and the low yields of CO™ suggest that the reactions had not gone to com- 
pletion 

The lesults obtained in this experiment may be compaied ivith those 
shown m Table III In these experiments the fei mentations of glucose- 
HDP mixtuies were carried out in sodium phosphate bulfei and in this same 
buffei supplemented ivith eithei potassium phosphate, ammonium phos- 
phate, 01 boiled yeast juice The marked stimulation of CO2 production 

Table III 

Fermentation of Glucose 

Each vessel contained 0 04 m succinate buffer, pH 6 , 0 002 i\i MgCb and 0 002 MnCl j 
together with 0 4 mg of approximately 80 per cent DPN In Experiment 1, 0 Oral 
of dialyzed juice was used in a total volume of 2 ml , while in Experiment 2, 0 2 ml 
of dialyzed juice was present tn a total volume of 1 ml 

Sodium phosphate, 0 2 m, pH 6, potassium phosphate, 0 2 M in K*, pH 6, am 
momum phosphate, 0 2 m, adjusted to pH 6 


Experi 

ment 

No 

Substrate 

Supplement added 

co» 

formed 

Glucose 

utilized 

Banum 
soluble 
fraction 
(as FMP) 

Barium 
insoluble 
fraction 
(as HDP) 

HDP 

Glu 

cose 

1 

micro 

micro 




micro 

micro 

1 

moles 

moles : 



moles 

tnolcs 

moles 

1 

3 2 

38 

0 2 ml Na phosphate 

mm 

9 3 

8 5 



3 2 

38 

0 2“ K 


37 3 

8 2 



3 2 

38 

0 4“ boiled yeast juice 

943 

34 7 

6 8 


2 

3 3 

28 6 

0 1“ Na phosphate 

129 

12 2 

9 2 



3 3 

28 6 

0 1 “ K 

573 

28 4 

8 7 



3 3 

28 6 

0 025 ml NH< phosphate 

559 

26 8 

10 



in those samples supplemented xvith K+, NH4+, 01 boiled juice is paralleled 
by a greater glucose utihzatron, nevertheless no more fructose monophos- 
phate was found Fructose analyses were also earned out on the barium 
insoluble fraction and it was found that this fraction was markedly mcrease 
in the supplemented samples This is further proof that the addition 0 
K+ or NH4+ allows the fermentation of glucose to proceed normally 0 
HDP, which begins to accumulate as the glucose is exhausted 
Furthei proof foi the necessity of K"*" or NIE"^ m the formation 0 
xvas acquired by showing that the 3 -caibon intermediate phosphoglycera e 
was also feimented to CO2 with glucose present as the e 

As long as a dialyzed yeast juice and only sodium-contaimng bu er 
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used, the COj seemed to be deiived only fiom the phosphoglycerate Fruc- 
tose monopliosphate accumulated m such im\tures When the same mix- 
tuies ueie feimented m buffeis supplemented with K+ glucose was also 
fermented, as is evidenced by the enhanced CO 2 production and the accu- 
mul itioii of a bai lum insoluble estei (HDP) (Table IV) 

-Vn expeiimeiit was also earned out with phosphopyiuvate as the phos- 
phate donoi and glucose as the phosphate acceptoi lodoacetate (0 004 u) 
was added to pievent the feimentation of glucose, and sodium fiuoiide 
(0 01 Ai) w'as also included in oidei to pievent the conversion of phospho- 
P 3 nn ite back to phosphoglycerate Undei these conditions it was found 

Table IV 

Fermentation of Sodium Phosphoglycerate 
Each vessel contained 0 04 M succinate buffer, pH 6, supplemented as in previous 
experiments Dialyzed Lebedev jmee (0 3 ml per vessel) was used throughout, 
final volume, 1 ml 

Sodium phosphate, 0 2 si in P 04 “, pH 6, potassium phosphate, 0 2 si in pH 6 


Ezpcri 

rnent 

^o 

Substrate 

Phosphate buffer added 

CO2 

formed 

Glucose 

utihzed 

Barium 
soluble 
fraction 
(as FMP) 

Barium 
insoluble 
fraction 
(as rop) 

PGA 

Glu 

cose 


micro 

micro 





micro 

micro 

micro 


moles 

motes 




u mm 

motes 

motes 

motes 

1 

8 7 

19 4 

None 



170 





8 7 

19 4 

0 1 ml 

Na phosphate 

167 

7 8 

7 6 

1 


8 7 

19 4 

0 1 “ 

K 

ti 

565 

19 2 

3 0 

6 4 

2 

5 

18 4 

01 “ 

Na 

(( 

38 

1 8 

2 4 

0 6 


5 

18 4 

0 1“ 

K 

(( 

485 

18 4 

3 2 

2 8 

3 

10 

18 4 

0 1“ 

Na 

l< 

214 

8 4 

6 8 

1 2 


15 

18 4 

0 1“ 

(4 

(( 

342 

14 2 

13 0 

1 6 


that phosphopjTuvate tiansferied its phosphate to glucose as leadily in a 
sodium buffei as in one that contamed K+ or NH4+ 

In some of the experiments just described it was shown that ammomum 
10 ns w'eie as efficacious as potassium ions in stunulatmg the feimentation 
of glucose An expeiiment was designed to asceitam the concentration 
level of each of these 10 ns that is necessaiy to give maximum activity 
Table V shows that, whereas 0 01 M K+ is necessary for full activity, 0 005 
11 NH4+ IS equally effective Other experiments showed that even 0 001 51 
NH4+ restored the fermentation to 85 per cent of the maximum value over 
a 300 minute period An mterestmg feature of the experiments with small 
amounts of NH 4 + was the observation that the mduction penod w'as con- 
sideiably piolonged With 0 001 m NH4+ m the system, the fermentation 
of a given amount of substrate did not attam its maximum rate until 200 
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absence of these ions Under these conditions hexose monophosphates 
accumulate, as is evidenced by an increase m substances giving the fructose 
coloi 1 eaction The lack of agi eement betv een the amount of hexose mono- 
phosphates formed, as calculated from the fructose coloi value, and the 
glucose utihzation, when only HDP is bemg feimented, maj be explained 
on the basis of a slov phosphatase leaction Ovei the long experimental 
pel lod (240 mmutes) some of the fiuctose-6-phosphate is h 5 '^drol 3 ^zed to free 
fiuctose Fiuctose gives about twice as much coloi by Roe’s method as 
does an equi\ alent amount of fructose-O-phosphate Since all the liexose 
monophosphate values are calculated from a cuiwe v Inch v as constiucted 
by usmg fiuctose-G-phosphate, the determined values foi these phosphate 
esteis Mould be too high 

"V^Tien optimal amounts of K+ oi NHi+ veie added to the buffei, the 
fei mentation of glucose proceeded at a lapid late vath httle or no mduction 
penod In sex eial expeiiments it xvas observed that there vas a prolonged 
peiiod before the maximum fermentation rate urns estabhshed xvhen sub- 
optimal amounts of the ions xveie added Tlus suggests that these ions m 
some way facihtate the pioduction of another substance (cofactoi) v'hich is 
perhaps necessaiy foi the formation of HDP Ohlmeyei (20) has lepoited 
that a new cofactoi , Komplement, is necessaiy for the phosphohexokmase 
reaction 

Fructose 6-phosphate + Komplement —* HDP 4- dephosphorylated Komplement 

He pointed out that ATP could peifoim this function, although it v'as not 
as efficient as Komplement In the mtroduction to his paper he also stated 
that m a buffei contaimng ammomum phosphate fermentation of glucose 
M'as earned out bj^ dialyzed yeast juice vathout adding either ATP or 
Komplement In ordei to demonstrate the need for a nev cofactor he di- 
alyzed the yeast juice foi long peiiods (34 horns) It is unlikely that our 
brief 90 minute dialysis w^ould remove a cofactoi completely, although it 
might reduce the concentiation to a suboptimal level This occurs in 
DPN for example, smee a shght impiovement m the rate of fermentation 
was obseived ivhen more of this factor was returned to the dialyzed juice 

Potassium does not appear to act by antagomzing sodium ions m our 
system Large amoimts of NaCl iieie added to nuxtuies which uere 
actively feimentmg glucose m the presence of 0 02 m K'^ The concen ra 
tion of NaCl could be increased up to 0 08 xi xnthout impauing the ox er a 
fei mentation Larger amounts (le 0 2 m) had an inlnbitorj' eflect 

sraiMARx 

1 A dialyzed yeast maceiation juice prepared fiom breweis 
yeast has been shoivn to catalyze the fermentation of hexose p loa 
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iiicl of phobphoglj cci itc in a sodium phosphate buffei to which no K+ oi 
NII 4 + h IS been added, but which contains a suitable phosphate acceptoi 
Stull lb glucose 

2 In systems that contain no K+ 01 NH 4 + the glucose is conveited to 
he\osc monophosphates, and these esteis accumulate as the feimentation 
pioceeds 

3 When cithei K+ 01 NII 4 + is added to the feimentation mixtuie, the 
glucose IS also feimeiited and the jueld of CO 2 coiiesponds closely to that 
which should be obtained accoiding to the equation of Haiden and Young 

I This suggests that eithei of these two 10 ns is necessary for the forma- 
tion of hexose diphosphate from hexose monophosphate as catalyzed by a 
di dj zed yeast maceiation ]uice 
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A STUDY OF THE ACTION OF PURIFIED AMYLASE FROM 
VSPERGILLUS ORYZAE, TAIC^.-AMYLASE* 

GERTRUDE WERNER VOLZf and M L CALDWELL 
(h rom the Department of Chemistry, Columbia University, New York) 

(Received for publication, April 18, 1947) 

'ihe amj'lasc piocluced by the fungus, Aspeigtllus oryzae, has been used 
in the Oiient foi centuiies and as a paitially puiified pioduct since 1898 
(1), but suipnsingly little is known of its action and piopeities This lack 
of quantitative infoimation is piobably due laigely to the fact that naany 
investigations have dealt with rather crude alcohol piecipitation products 
of extiacts of the mold which contained lelatuely high concentiations of 
othei carbohydiases as ivell as amylase 

The im estigation leported heie deals with a study of the pioducts formed 
fiom starch by highly puiified taka-amylase (2) The pieparations of the 
amylase gave no evidence of the piesence of maltase activity when the 
highest concentiations used here w'ere allowed to leact with 1 pei cent mal- 
tose foi 24 houis undei the conditions used foi the hydiolysis of staich (3) 

EXPERIMENTAL 

Lintnei ’s soluble potato starch was hydrolyzed at 40° undei conditions 
(0 05 M sodium chloiide, 0 01 m acetate, and pH 5 0) which had been found 
to favoi the stability and activity of the amylase (3) In experiments de- 
signed to study the extent of the hydiolysis of staich, concentiations of 
amylase w^ere chosen so that the reactions w^ould proceed rapidly and be 
practically complete before contamination by yeasts and bacteiia might be 
expected appreciably to influence the lesults 

Aliquots weie lemoved at inteivals from the reaction mixtures and meas- 
uied foi 1 educing values These values were determined lodometiically 
(4) and conveited to then equivalents of maltose They aie leported m 
terms of the peicentage yield of the maltose which could be obtained 
theoietically fiom the staich 


Results 

Extent of Hydiolysis of Starch — The data given in Fig 1 show that in- 
ci easing concentiations of taka-amylase increase the initial velocity of the 

* The authors wish to thank the Takamine Laboratory, Inc , for generous grants 
in aid of this investigation 

t This work is taken from a dissertation submitted by Gertrude D Werner in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy in 
Chemistry under the Faculty of Pure Science, Columbia University 
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hydiolysis of staich and also the extent of the hydrolysis obtained after 
prolonged action The leaction curves aie typical of enzyme action in 
geneial in that they exhibit two stages of the hydrolysis, a period of rapid 
inciease in leducing values followed by one in which the leducmg values 
iise only veiy slowdy Hoivevei, in this ivoik, the extent of the hydrolysis 
of staich depends w'lthin wide limits upon the concentration of amylase 



Fig 1 Influence of concentration of amylase upon the e\tent of the hydrolysis of 
Lintner’s soluble potato starch by purified maltase-free taka amylase Lintners 
soluble potato starch 1 per cent, 0 05 Ji sodium chloride, 0 01 M acetate, pH 5 0 Hy 
drolyses at 40“ Amylase preparation per 1000 mg of starch, Curve 1, 0 18 mg , 
Curve 2, 0 72 mg , Curve 3, 2 88 mg 

used Theie is no evidence of a common limit in the hydiolysis fai short of 
complete hydrolysis such as is observed w'lth ;3-amylase fiom barley an 
from malted bailey (5) These lesults aie similai to those obtained wit i 
pancreatic amylase' and with malt a-amylase (6-8) 

The slownng down of the hydiolysis of staich by amylases has been as 
cnbed m pait to the inactivation of the amylase (9-11) The data sum^ 
marized m Fig 2 show that substiate added to a leaction mixture w c 

1 Alfin, R , and Caldwell, M L , unpublished work 
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had leached the stage of veiy slow action (Curve 2) was hydrolyzed to piac- 
tically the same extent (Cuive 2a) as that i cached in a comparable reaction 
mixtuie (Cuive 1) which hrd contained initially the same latio of amylase 
to substi ite Thus, undei the conditions of these expeiiments, the stage 
of veiy slow ictioii m the hj^iolysis ot staich by taka-amylase is not due to 
any appieci ible inactivation of the amylase 

Pro(hicti> Foimed — The pioducta of the action ot maltase-free highly 
puiifieil tiki-rmylise on soluble potato staich weie differentiated into 
glucose, 111 iltosc, and leducing dextims bj’’ r modihcation of the method of 



Fig 2 Evidence that amylase had not been inactivated appreciably during the 
hydrolysis Hydrolysis of additional substrate when this was added to a reaction 
mixture at the stage of very slow rate of change in the hydrolysis of starch by highly 
purified taka-amylase Lintner’s soluble potato starch 1 per cent, 0 05 m sodium 
chloride, 0 01 m acetate, pH 5 0 Amylase preparation per 1000 mg of starch, Curve 
1, 0 55 mg , Curve 2, 1 10 mg , Curve 2a, substrate added to part of reaction mixture of 
Curve 2 so as to bring the amylase concentration down to that in the reaction repre- 
sented by Curve 1 Hydrolyses at 40° 

Somogyi (12) foi the selective fermentation of glucose alone and of glucose 
and maltose togethei undei diffeient conditions by washed bakers’ yeast 
A study of the method showed that know n concentrations of glucose and of 
maltose could be accounted foi when added to reaction mixtures such as 
those used heie and within the limits of concentration ot these sugais en- 
counteied in the hydrolysis mixtures studied iNlyrback (13, 14) has re- 
ported that certain trisacchaiides are also fermented under the conditions 
used to feiment maltose No attempt w'as made to distinguish between 
maltose and such sugars 

The data summaiized m Table I show that maltose and glucose aie 
formed m addition to i educing dextrms early in the hydrolysis of Lmtner’s 
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Table I 

Influence of Concentralion of Amylase on Rate of Production of Maltose, Glucose, and 
“Reducing Dextrins” in Action of Purified Taka-amylase upon Lintner’s 
Soluble Potato Starch 


Reducing action calculated as maltose equivalents 



Reducing dextrms* 


Theory Theory 


Maltosef 


Theory 



0 09 mg amylase preparation per 1000 mg starcht 



per cent 

per cent 

per cent 

1 per cent 

1 per cent 

1 per cent 

per cent 

10 9 

10 9 

100 

Not measurable 

Not measurable 

18 9 

18 6 

98 4 

0 3 

1 6 

ll 

it 

25 8 

23 8 

92 2 

2 0 

7 8 

H 

u 

31 5 

27 7 

87 9 

3 7 1 

11 7 

0 1 

0 3 

36 9 

31 1 

84 3 

5 4 

14 7 

0 4 

1 0 

40 7 

32 9 

80 8 

7 3 1 

17 9 

0 5 

1 2 


0 18 mg amylase preparation per 1000 mg starcht 


Fig 1 . 

Lintner's 
soluble poi 
drolyses at 
Curve 2, 0 7 


used Theu 
complete hyd 
fiom malted b 


manzed m Fig 2 si ^ 

V 

1 Alfin, R , and Cald\ 


12 0 

100 

Not measurable 

21 7 

90 0 

1 6 

6 7 

28 1 

87 4 

3 2 

10 0 

32 2 

81 6 

5 6 

14 3 

34 6 

78 2 

6 4 

14 5 

35 4 

74 5 

9 7 

20 4 

31 9 

64 0 

14 7 

29 6 

31 4 

60 0 

16 9 

32 3 

31 3 

58 2 

18 5 

34 3 

31 3 

54 1 

23 3 

40 3 

29 7 

50 7 

24 1 

41 1 

28 9 

48 6 

26 6 

44 6 

28 9 

46 7 

26 5 

42 9 

24 8 

39 6 

30 6 

48 8 


Not measurable 


0 72 mg amylase preparation per 1000 mg starcht 



21 7 

,754 

30 5 


305 

Tas \ 

313 

\ 

297 


298 

yi 

i 26 5 

d6 ,, 

\ 258 
\ W9 

to t 'h') 

\ 2a0 


6 7 

0 8 

18 4 

1 6 

31 2 

3 2 

35 8 

3 2 

41 1 

4 8 

43 7 

3 2 

50 0 

4 8 

51 8 

4 8 

53 0 

5 7 

53 5 

5 7 

53 3 

7 3 

54 0 

7 3 

54 0 

7 3 

54 0 

17 7 ( 
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Table 1— Concluded 


Reducing action calculated as maltose equivalents 


Tunc 

Total 

Reducing dextrins* 

Maltosct 

Glucoset 


Tlicory 

Theory | Total 



Theory 

Total 


2 SS mg amylase preparation per 1000 mg starchj 


trim 

1 t‘r ( 

:eni I 

1 per cent , 

1 per cent \ 

1 per cent 

1 Per cent \ 

1 per cent 

I per cent 

5 



29 

9 

53 

3 

22 

5 

40 

0 

3 

8 

6 

7 

10 



27 

1 

42 

0 

30 

0 

46 

4 

7 

5 

11 

6 

15 

66 

5 

26 

2 

39 

4 

32 

8 

49 

3 

7 

5 

11 

3 

20 

67 

5 

25 

3 

37 

4 

34 

7 

51 

4 

7 

5 

11 

1 

25 

67 

5 

25 

3 

37 

4 

33 

8 

50 

0 

8 

4 

12 

5 

30 

68 

3 

24 

3 

35 

7 

36 

5 

53 

4 

7 

5 

11 

0 

45 

69 

3 

24 

3 

35 

2 

37 

5 

54 

1 

7 

5 

10 

8 

60 

70 

3 

24 

3 

34 

7 

38 

5 

54 

7 

7 

5 

10 

7 

75 

72 

1 

24 

2 

33 

6 

38 

6 

53 

3 

9 

4 

13 

0 

90 

73 

0 

22 

5 

30 

8 

40 

2 

55 

1 

10 

3 

14 

1 

150 

76 

8 

20 

6 

26 

9 

42 

1 

54 

9 

14 

1 

18 

3 

210 

SO 

6 

18 

7 

23 

2 

45 

9 

57 

0 

16 

0 

19 

8 

300 

I 83 

4 

18 

8 

22 

5 

45 

9 

55 

0 

18 

7 

22 

4 

1400 

100 

0 

9 

2 

9 

2 

68 

4 

68 

4 

22 

4 

22 

4 


* Unfermented reducing products 

t Determined by selective fermentation with ashed bakers’ yeast (12) 
t Lintner’s soluble potato starch 1 per cent, 0 05 si sodium chloride, 0 01 ii acetate, 
pH 5 0 Hydrolyses at 40” 

soluble potato starch by purified maltase-free taka-amylase The rate at 
which these products appear depends upon the concentration of amylase 
The data summarized m Table II give average values for the distribution 
of the pioducts formed at different stages m the hydrolysis of Lmtner’s 
soluble potato starch by highly puiified maltase-free taka-amylase The 
data show a rapid breakdown of starch to reducing devtrms of low average 
molecular weights and of relatively high reducing values Thus, dextrins 
with an average degree of polymerization of 10 accounted for 99 5 per cent 
by weight of the total products when the hydiolysis mixture had reached 
the equivalent of 20 per cent of the theoretical maltose or when approxi- 
mately 10 pei cent of the glucose linkages of the starch had been ruptured 
When the reducing value of the reaction mixture corresponded to 50 per 
cent of the theoretical maltose, reduemg dextrms accounted for approxi- 
mately 67 per cent of the total reducing value and foi 85 per cent by weight 
of the products present 

These findings are in accord with the observations of many investigators 
m that the amylase of Aspergillus oryzae causes very rapid decrease m the 
viscosities of its substrates and very rapid disappearance of products which 
give color with lodme In the present studies,' a clear red color with lodme 
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was obtained when the reducing values of the reaction mixtures were equiva- 
lent to appi oximately 12 pei cent of the theoretical maltose The achromic 
stage was reached at approximately 20 to 25 pei cent of the theoretical 
maltose 

Aftei an aveiage degree of polymerization of 10 had been reached, the 
aveiage molecular weights of the reducing dextims decreased more slowly 
Dextrms with an aveiage degiee of polymenzation of 4 3 accounted for 


Table II 

Products I*orrned from LintnePs Soluble Potato Starch by Purified Maltose Free 

Taka- Amylase 


Reducing values, per cent of theoretical maltose 

Glucose, t per 
cent of 

theoretjcal glu 
cose 

Dextrinsf 

Total’ 

Reducing 

dextrinst 

JfaltoseJ 

Per cent of 
total products 
by weight 

Average degrees 
of poJy 
merizatioD$ 

10 

10 



100 

20 

15 

15 



100 

13 

20 

19 5 

0 5 


99 5 

10 

25 

23 2 

1 5 

0 15 

98 3 

8 5 

30 

26 9 

25 

0 30 

97 2 

7 2 

35 

30 0 

4 0 

0 60 

95 5 

6 4 

40 

32 4 

6 0 

0 80 

93 2 

5 7 

50 

33 6 

13 5 

1 45 

85 0 

5 1 

60 

29 3 

26 0 

2 35 

71 6 

49 

70 

23 6 

38 0 

4 2 

57 8 

4 9 

SO 

19 5 

44 5 

8 0 

47 5 

49 

90 

15 1 

54 5 

10 2 

35 3 

4 7 

100 

9 5 

68 5 

11 0 

20 5 

4 3 


* Lintner’s soluble potato starch, 1 per cent, 0 01 st acetate, 0 05 si sodium chloride, 


pH 5 0, 40° (3) 

t Dextrms, calculated from reducing values after removal of glucose and maltose 
by fermentation (12) 

t Determined by selective fermentation with washed bakers' yeast (12) 

Weight of dextnns (mg ) ^ 

^ Reducing values as maltose (mg ) ^ 


20 5 per cent by weight of the products when the leducmg value of the re- 
action mixture was equivalent to 100 per cent of the theoieticai maltose 
Maltose and glucose could be detected by the method used (12) when t e 
reaction mixtures had reached the equivalent of 20 and 25 per cent o t e 
theoieticai maltose respectively These sugars were formed in incieasing 
concentrations as the hydrolysis progressed and accounted for 33 pei cen^ 
of the total leducing value xvhen the hydiolysis had reached 
of 50 pel cent of the theoieticai maltose and for 90 per cent of t e 
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1 educing v ilue when the equivalent of 100 per cent of the theoretical mal- 
tose had been i cached Aftei the equivalent of appioximately 50 per cent 
of the theoietical maltose had been reached, the concentrations of maltose 
and of glucose continued to inciease, while that of the reducing dextrins 
decreased 

The concentiation of glucose was much lowei than that of maltose 
throughout the hydiolysis, there is no evidence that glucose continues to be 
foimed aftei the pi eduction of maltose has ceased, as has been lepoited foi 
iinpurihed piepaiations of ceitlim amylases (15-17) In contrast to un- 
punfied prepaiations of taka-diastase, which contain maltase and possibly 
other glucosidases (16), the piodiiction of glucose is surprisingly low 

SUMMARY 

A study of the action of highly purified taka-amylase has been made 
The preparations of taka-amylase showed no evidence of maltase ac- 
tivity 

The initial velocity and the evtent of hydiolysis of staich by maltase-fiee 
taka-amylase depends within wide limits upon the concentiation of amylase 
No evidence was found toi a common limit m the extent of the hydrolysis 
of stai ch far short of complete hydi olysis such as is obsei ved with ^-amy- 
lase and as has been leported foi this and ceitain other a-amylases 
Under the conditions of these expeiiments, the slou mg down of the hy- 
drolyses was not due to any appieciable inactivation of the amylase 
Maltose, glucose, and reducing dextrms are all formed eaily m the 
hydrolysis of starch by maltase-fiee purified taka-amylase, in the latei 
stages of the hydrolysis the concentiations of maltose and of glucose con- 
tinue to increase, while that of the reducmg dextrins decreases 

The concentration of glucose is much lower than that of maltose thi ough- 
out the hydrolysis of starch by puiified taka-amylase and theie is no evi- 
dence that glucose continues to be formed after the pi oduction of maltose 
has ceased 

In contrast to unpuiified preparations of taka-diastase which contain 
maltase and possibly othei glucosidases, the pi oduction of glucose from 
starch by purified taka-amylase is surprisingly low 

The average moleculai weights and degrees of polymeiization of the re-, 
ducmg dextims deciease rapidly in the earlier stages of the hydro^^sis of 
Lintner’s soluble potato starch by purified taka-amylase, they decrease 
much more slowly m the later stages of the hydrolysis 

When 100 pei cent theoretical “maltose” had been attamed, the hydroly- 
sis mixtures contained lelatively high concentrations of maltose and glucose 
and lelatively low concentrations of dextrms uhich approached tetrasac- 
charides in aveiage molecular eight 
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THE EFFECTS OF TRIPHOSPHOPYRIDINE NUCLEOTIDE AND 
OF ADENOSINE TRIPHOSPHATE ON PIGEON LIVER 
OXALACETIC CARBOXYLASE* 

Bi BIRGIT VENNESLAND, E A EVANS, Jb , and IOJRT I ALTMAN 
{From the Department of Biochcnnstry, University of Chicago, Chicago) 

(Received for publication, August 15, 1947) 

The fixation of carbon dioxide by pigeon hvei m the presence of added 
PiTUvate was first described by Evans and Slotin (1) and the initial fixation 
mechanism was ascribed to the occurrence of the Wood-Werkman reaction, 
t e , to the addition of CO 2 to p 3 TUvate to form oxalacetate Evidence sup- 
portmg this pomt of view was afforded when Evans, Vennesland, and Slotin 
(2) succeeded in prepaimg from pigeon liver soluble piotein preparations 
capable of fixmg isotopic CO 2 in a substrate mixture consisting of pyruvate, 
fumarate, malate, and lactate An enzyme capable of decarboxylating 
oxalacetate and requiring Mn++ as a cofactor was shown to be present m 
these pieparations The initial fixation mechamsm was attributed to the 
reversibihty of this decarboxylation, z e , to the occurrence of reaction (1) 

(1) CHj CO COO- + HCOr ^ COO- CH 2 CO COO- + HjO 

Pyruvate Oxalacetate 

Wood, Vennesland, and Evans (3) found, however, that partially purified 
preparations of pigeon hver oxalacetate carboxylase showed no evidence 
for exchange of isotopic bicarbonate in the /3-carboxyl carbon of oxalacetate 
such as would be expected if reaction (1) were reversible Further clarifica- 
tion of this pomt was furnished by Utter and Wood (4), who found, m a 
detailed study of the exchange reaction, that adenosme triphosphate (ATP) 
had a decided stimulating effect 

Previously, Moulder, Vennesland, and Evans (5) had demonstrated that 
the pigeon hver preparations contamed malic dehydrogenase which was 
active with both triphosphopyridine nucleotide (TPN) and diphospho- 
pyndine nucleotide (DPN) Subsequently, Ochoa, Mehler, and Kornberg 
(6) obtamed evidence for the occurrence in pigeon hver preparations of a 
reversible oxidative decarboxylation of mahc acid, accordmg to reaction 

( 2 ) 

(2) /-Malic acid -|- TPNor. ^ pyruvic acid + COj + TPNrd 


* This work was supported in part by grants from the John and Mary R Marklo 
Foundation and from the Dr Wallace C and Clara A Abbott Memorial Fund of the 
Umversity of Chicago 
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Mil was lequiied. as a cofactoi, but ATP did not influence the reaction 
These findings laise the question whethei the piimaiy fixation reaction 
occuis by way of reaction (1) oi of leaction (2), or possibly by way of both 
reactions simultaneously If reaction (2) constitutes the only initial chan- 
nel whereby CO 2 is fixed in the dicaibovylic acids, then the stunulating 
effect of ATP on the exchange of isotopic CO 2 with the y3-carbo\yl carbon 
of oxalacetate might be explained in terms of the occurrence of TPN forma- 
tion m the presence of ATP Altman and Evans (7) JiRve demonstrated 
such a synthesis of TPN when ATP alone is added to dialyzed pigeon hver 
extracts Ochoa^ has also lepoited that pigeon liver preparations can 
synthesize TPN from ATP and DPN 
Experiments desciibed in this communication do not, howevei, support 
such an interpretation of the ATP effect Dnect examination of the ex- 
change reaction, 

M 

CH 3 CO COO- -f HC»03 CWOO- CHj CO COO- -I- H 0 

<M 

revealed that, with partially purified pieparations of pigeon hvei oxalacetic 
caiboxylase, added TPN gave little or no stimulation of the 2 ate of the fixa- 
tion reaction (a), wheieas the stimulation by ATP, as reported by Uttei 
and Wood (4), was invanably confirmed On the other hand, examina- 
tion of the effect of these substances on the decaiboxylation reaction (6) 
revealed a marked stimulation bj’’ TPN, wheieas ATP shoved a small but 
defimte inhibition 


Methods and Materials 

Enzyme Piepaiahon — Crude extiacts of pigeon hvei were piepaied by 
extraction of the acetone powdei with water and dialysis agamst 0 025 ji 
phosphate, pH 7 4, as previously described (2) The partially purified 
fractions were obtained in the course of purification studies The essential 
fiactionation steps employed for each preparation will be indicated m the 
text 

Cofactoi s — TPN of 78 per cent purity was prepared from beef liver by a 
modification- of the method of Warbuig, Chnstian, and Giiese (8) D 
of 68 per cent puiity was piepaied by the method of Williamson and Green 
(9), followed by the senes of salt fractionations up to the cuprous chlon e 
stage, as described by Ohlmeyei (10) ATP was a gift from Di 

Speck of this department , 

Oxalacetic acid xvas prepared according to Krampitz and Wer an 

1 Ochoa, S , communication at the meeting of the Federation of American Soc 
for Expernnental Biology, Chicago, 1947 

2 Altman, K I , unpublished method 
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Vll manomctiic exiJeiiments weie cauied out with the standard Waiburg 
ininomctuo technique 

Picpaialioii and Mcasuiement of — The C'^Oo, initially obtained as 

BaC‘ 'O3, was diluted appioximately 100 times with inactive BaCOa 
i\as then libeiated vith HCl ind absoibed m an appiopiiate volume of 0 1 
N NaOPI, the quantity of which was adjusted so that the final solution was 
ibout 0 Oo N with lespect to caibonates This alkaline solution was kept 
as stock 111 a sealed contamei 1 ml was used m each expeiiment, and ivas 
neutiahzed wuth HCl to pH 7 4 in the piesence of added phosphate buffer 
immediateh before use The fiom the medium of the experiments 
was collected in a measuied volume of 1 n COa-fiee NaOH, by suckmg a 
stream of COs-trce an thiough the acidified solution and passing it thiough a 
smteied glass plate ovei which the alkali w^as placed This piocedure gave 
quantitative absoiption of the CO> The C^'^Os liberated by amhne citrate 
w'as similai ly collected Aliquots of the alkali samples containing the 

were anab'zed foi total caibonate content by the standaid Warbuig mano- 
metiic technique The C‘^ was then piecipitated fiom the remamdei of 
the solution by the addition ot BaCb The baiium carbonate was centii- 
fuged and washed with watei by lepeated lesuspensions and centrifugations 
until the wash watei was fiee fi om alkali The precipitate was then washed 
once with ethanol, suspended in a minimum volume of ethanol, tiansferred 
to a tared aluminum cup with a fiat lound bottom of 3 5 sq cm aiea, and 
dried to constant weight Counting and coriections for self-absorption 
were carried out accoiding to Reid (12) All figures given aie thick sample 
counts collected foi background Checks on known dilutions indicated 
that the proceduie employed gave leproducibility and correct proportional- 
ity within 5 pel cent 

Procedure of Exchange Expemnenls — The “exchange” expeiiments were 
designed to deteimme the extent to wRich C'^Oa entered the /3-carboxyl 
group of oxalacetate duimg decarboxylation of the latter by the pigeon 
hvei enzyme The pioceduie employed was a mmor modification of 
methods previously descnbed (3, 4, 13) The essential steps are, first, the 
incubation of the enzyme with oxalacetate m the piesence of HC^'^Oa, then 
the removal of all C*^ present as carbonates, and finally the liberation of 
the /3-caiboxyl caibon of the oxalacetate 

In the expeiiments described in this paper, the decarboxylation was con- 
tinued to about two-thirds completion The pH was initially 6 7, but be- 
came moie alkaline as the leaction progiessed Incubation w^as carried 
out at 30° in stoppeied test-tubes wuthout shakmg The reaction was 
stopped by introducing the mixture through a separatory funnel into 5 0 
ml of ice-cold 10 pei cent metaphosphoiic acid plus a diop of capryhc 
alcohol The mixture was kept m an ice bath until the addition of anilme 
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Citrate The C^'*02 liberated from the medium by the addition of acid was 
completely removed by flushmg the solution -with C02'free air The air 
stream was passed through alkali for quantitative absorption of the C^Oj, 
as desciibed m the previous section The last traces of C^^Oo which might 
be present in the solution were then rinsed out by 10 mmutes rapid flushmg 
with CO 2 gas The CO 2 remammg fiom the rinse was removed quantita- 
tively by flushing with C02-free air A sample was collected for analysis of 
radioactivity In all experiments reported, the rinse samples were found 
to contain no detectable radioactivity, mdicatmg adequate removal of the 
C^^02 of the medium The /3-caiboxyl carbon of oxalacetic acid was hber- 
ated by the addition of 5 ml of anilme citiate, and the CO 2 was collected 
quantitatively and analyzed as previously described 

Method of Assaying Oxalacetic Carboxylase — In older to charactenze the 
enz 5 Tne preparations employed in these studies, quantitative assays of de- 
carboxylation activities were made A standard test system was adopted 
foi the assays The enz 3 mie activity was detei mined by manometnc 
measurement of the rate of caibon dioxide evolution from oxalacetate m 
01 m acetate buffer, pH 5 0, m the presence of 0 001 m MnCb 1 nig of 
oxalacetic acid is tipped from the side arm at zero time The total volume 
is 2 0 ml The rate of decarboxylation of oxalacetate after heat mactiva- 
tion of the enzyme (1 minute in a boilmg water bath) must be subtracted 
m order to obtain a figure which is proportional to the amount of the enzyme 
used The results are then expressed in terms of carbon dioxide evolution, 
as imcrohters per mmute pei ml , or as rmcrohters per minute per mg of N 
The latter figure is used as a measure of the purity of the enzyme Smce 
TPN has been found to have a stimulatmg effect on the rate of decaiboxy- 
lation, as will be described, assays are run both in the piesence and m the 
absence of this cofactor 

Justification for the use of the assay system described rests on a demon- 
stration of direct proportionality between enzyme concentration and activ- 
ity Unless the procedure is used with a number of precautions, propor- 
tionality may not be obtained The assay is vahd only when the reaction 
observed is zero ordei ,ie , when microhters of CO 2 evolved, plotted agams 
time, give a straight hne Such is not always the case Fresh, undialyze 
extracts of pigeon liver acetone powder, for example, never give a zero 
order reaction Howevei, the reaction almost always becomes zero or er 
(until about two-thirds completion) after dialysis agamst 0 025 
phate, pH 7 4, 01 0 025 M veronal, pH 7 8 The enzyme may also be 
lyzed against water, but loss of activity is moie likely to occur in 


buffeied medium , . „ ^vnpnment 

Fig 1 shows the type of data obtained m a lepresentativ P 

designed to test proportionality Figures obtamed during t e mi 
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of the test, befoie deviations tiom Imeaiity occurred, aie given The 2 
minute leading is taken as the initial point, to avoid eirois in timing asso- 
ciated Avith tipping The data m Fig 1 indicate that the blank value, 
which was the same foi all samples used, must be subtracted in order to 
obtain pioportionality This fact alone, apart fiom any theoretical con- 
siderations, justifies the subtraction of the blank The data also show the 



Fig 1 Proportionality of rate of CO evolution to quantity of pigeon liver Oialace- 
tic carboxylase Partially purified enzyme contaimng SO 7 of N per ml Conditions 
those of the standard test system with 50 7 of TPN added per vessel This amount 
of TPN gave 140 per cent stimulation of the reaction rate 

deviation from proportionality which is usually obtained when the actual 
rate measured becomes lower than 2 microliters per mmute after subtractmg 
the blank Thus, the observed rates, expressed as microhters per mmute 
per ml , calculated after subtracting the blank, are 5 0, 5 5, 5 4, and 7 9 
for 1 0, 0 6, 0 4, and 0 2 ml , respectively 

In this experiment, a punfied enzyme prepared as described in Table I, 
Enzyme B, was used The heated enzyme had no effect on the blank, 
which was equal m each case to the rate of decarboxylation observed in the 
test ^stem m the absence of enzyme With unpunfied preparations this 
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IS not always the case The heat-inactivated protein may either accelerate 
or inhibit the catalysis due to Mn++ alone 
The blank reaction is nevei zero order, but always first order This be- 
comes appaient when it is followed over a longer peiiod of tune tha n shown 
J"!? 1 The subtraction of the blank, as mdicated, does not consti- 
tute an ideal collection With high rates of enzyme activity, the blank 
correction as applied is too laige It would be moie accurate to calculate 
the coriection figure fiom the obseived fiist ordei leaction constant of the 


Table I 

Effect of Varying TPN Concent) aliens on Activity of Oxalacetie Carboxyla'se 

front Pigeon Liver 


Enzyme 

TPN added 

Rate of decarboxylation 
calculated relative to rate 
without TPN taken as lOO 

A Dialyzed, aged extract of pigeon liver acetone 

7 per 2 ml 

0 

100 

powder, activity without TPN = 15 microliters 

0 65 

107 

per min per ml 

3 25 

120 


6 5 

135 


32 5 

146 


65 

153 

B * Partially purified oxalacetie carboxylase, ac- 

0 

100 

tivity without TPN = 32 microliters per imn 

17 

218 

per mg N 

51 

239 


170 

244 


510 

235 


The conditions used were those of the standard test system, 0 1 si acetate buf 
fer, pH 5 0, 0 001 si MnCh, total volume of test system 2 0 ml , 1 mg of o\aIacetic 
acid tipped in from side arm to start reaction, incubated at 30°, decarboxylation 
rates corrected for blanks, TPN has no effect on blanks 

* Prepared by a procedure, the essential steps of u hich involve fractional pre 
cipitation with (NHil.SOi (fraction precipitating between one-third and two-thirds 
saturation), absorption on CajCPOOi gel at pH 4 3, and elution at pH 7 8, and pre 
cipitation with nucleic acid which is removed with salmine 

blank and the average amount of oxalacetate actually lemaining during 
the period of observation of the enzyme reaction Foi loutme purposes, 
however, the added accuracy so achieved does not seem sufficient to war 

rant such a calculation + u ff r 

The conditions of the test system are not optunal with respect o u e 
concentration and pH Higher activity is obtained at higher pH value 
and lower buffei concentrations It was thought desirable, 
keep the buffer capacity of the test system i datively high in or er o 
elude the possibility that leaction kmetics might be influence 
changes occurring as a result of the decarboxylation 
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The m inganese concentration used in the test system is optimal, as in- 
dicated in Fig 2, whieh shows the vaiiation of activity with Mn++ Al- 
though lates of decaiboxylation uncoirected foi the blank show a steady 
inciease with use in Mn++, the enz 3 Tne aetmty calculated aftei coirection 
for the blank indicates the existence of an optimum at about 0 001 ar, 
below and above which activity declines 

Though 5 pel cent COo, 95 per cent N 2 is pieferable as a gas phase, as- 
txiys may be lun m air foi convemence In this case, however, the possi- 
bility of the occuiience of oxidative side leactions must be guaided agamst 



- 2.0 -30 -35 -40 

LOG 

Fig 2 Effect of manganese concentration on activity of pigeon liver oxalacetio 
carboxylase Enzyme and conditions as in proportionality experiment 0 5 ml of 
enzyme and 17 7 of TPN "present in each vessel 

Oxidation of added oxalacetate is seldom obsei ved with pigeon hvei acetone 
powdei extracts, but may occui to a small but significant extent m some 
fi actions It can probably be explained in terms of the t 3 ipe of oxidative 
decarboxylation catalyzed by myoglobin and ]\In++ (14, 15) It is custom- 
aiy in this laboi atory to use air as a gas phase, and to determine the amount 
of oxalacetate added to the test system by decaiboxylating an ahquot with 
an ion such as Ni++, Co++, or A1+++ The CO 2 evolved when the test sys- 
tem IS run to completion should agree within 5 pei cent with the assay of 
the amount of substiate added Otherwise reactions other than a simple 
non-oxidative decarboxylation must be suspected 
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The determination of the amount of o\alacetate actually added at the 
tune of tipping is simpler than weighing 1 00 ± 0 05 mg for each sample 
About 50 per cent deviation in the amount of substrate actually used mil 
not mfluence the results, provided the blank contains the same amount as 
the test with the active enzyme 



Fig 3 Effect of ATP on oxalacetic carboxylase from pigeon liver ...gj 

those of standard test system 1 2 micromoles of ATP added to 2 ml nzym 
was 0 5 ml of dialyzed pigeon liver acetone powder extract 


Results 

Effects of ATP and of TPN on Decarboxylation of 
action of ATP and of TPN on the enzymic decarboxylation of oxala ^ 
was measured under the conditions of the standard test ys em 
acetate, pH 5 0, and 0 001 m MnCh, it was found that ATP cause 
hibition and that TPN caused an acceleration 

A typical experiment with ATP is shown in Fig 3 >,l„nk is often 

the .Zb.t.ou eSect .s not large, mdeed, the aetton ™ 
almost as great proportionaUy as the action on the activ zym 




VENNESL/VND, EVANS, AND ALTAIAN 


683 


necessary, m experiments of tins type, to control carefully the effect of 
salts present in the ATP solution, since oxalacetic carboxylase is non- 
specifically inhibited by salt 

In contrast to the small inhibitory effect of ATP, the stimulatmg action 
of TPN was found to be of considerable magnitude under some circum- 
stances Of close to 50 diffei ent prepai ations tested, all wei e found to show 
some stimulation by TPN This was true of undialyzed fresh extracts of 



TIME IN MINUTES 

Fig 4 Effect of TPN on oxalacetic carbox-ylase from pigeon liver Conditions 
those of standard test system 17 y of TPN added in 2 0 ml of TPN had no effect 
on the heated blank Enzyme used was 0 3 ml of solution used in Senes 2, Table II 

acetone powder, though the stimulation here was only of the order of 10 
to 20 per cent, and may reflect the fact that the extract is diluted m the 
test system Aged, dialyzed extracts showed stimulations of the order of 
30 to 50 per cent, and in some partially purified preparations stimulations 
of as great as 200 per cent were noted It has not yet been possible to 
obtam enzyme preparations active only m the presence of added TPN and 
inactive in its absence 

Fig 4 shows data obtamed m a test of the effect of TPN on the enzyme 
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prepaiations used m the expeiunents of Series 2 , Table II These are data 
from an actual assay It can be seen that the stimulation does not alter 
the zei o order kmetics obsei ved during the imtial pai t of the i eaction The 
amount of TPN used, 17 7 per 2 ml , was sufficient to give 90 per cent 
of the maximum effect obtainable (To conseive TPN, routine assays 
were made Avith 17 to 20 7 of TPN pei 2 ml ) This is indicated by the 
data in Table I, which show the lelative effects of varying amounts of TPN 


Table II 


Effect of ATP and TPN on C'*Os Fixation in Oxalaceiale 


Senes No 

Cofactors added 

Bicarbonate of 
medium at end of 
reaction 

Carboxyl carbon of oxalacetic acid 


1 

Amount 1 

1 

Radio- 

aclivily 

Amount 

Radioactivity 


1 

1 

tntcrih^ 

liters 

counts 
per mtn i 

tntcro- 
titers 1 

counts per mtn 

per cent 
btcorho^ 
note 
achXiiy 

1 

None 

SOSO 


2460 

38 S ± 1 3 



1 micromole TPN 

4000 


3460 

12 6 ± 0 8 



1 “ ATP 

5640 


3220 

90 0 ± 2 2 

5 48 

2 

Noue 

5440 

1969 

2920 

3 3±0 5 

wsm 


1 micromole TPN 

4360 

2005 

3760 

3 1 ± 0 5 



1 “ ATP 

1 

5920 

1740 

2720 

•-1 0 ± 1 3 

3 68 


Composition of initial reaction mixture 2 4 X 10“’ m MnJl,, 0 03 n potassium 
phosphate, pH 6 7, 0 03 m Na o\aIacetate About 1000 nucroliters of NaHC"Oj were 
added to a total volume of 8 2 ml 4 ml of enzyme were added in each case In 
Series 1, the enzyme solution had an activity in the standard test system of 14 micro 
liters per minute per ml in the absence of added TPN, and 30 nucroliters per nunute 
per ml in the presence of TPN (9 y per ml ) The activity of the enzyme solution 
used in Series 2 was 10 nucroliters per minute per ml in the absence of TPN and 26 
nucroliters per minute with 9 7 of TPN per ml Incubation was carried out in stop 
pered tubes at 30° for 30 minutes in Series 1, and for 35 minutes in Senes 2 


tested on two diffeient prepaiations One of these, an aged, dialyzed ev 
tiact, gave a maximum stimulation of 53 pei cent, the other, a partia y 
punfied piepaiation, gave a maximum stimulation of 135 pei cent 
When DPN was tested m amounts compaiable to those employed 
TPN, no measuiable effect i\ as obtained The addition of DPN wit 
to the test system hkewise gave no effect which could not be caused y ^ 


ATP alone , . „ 

It should be noted that the effects desciibed in this section apply 
of the standard test system at pH 5 0 Detailed data on the 
caiboxylation at pH close to neutrality have not been obtame > 
nature of the kinetics of the reaction at such pH is not known 
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tempts to demonstrate effects of ATP and TPN on the rate of decarboxy- 
lation at pH 6 7 have given no evidence for effects similar to those obsei ved 
at pH 5 0 

Effects of ATP and of TPN on Fixalton of C^*Oi in ^-Carboxyl Carbon of 
Oxalacelic Acid — Tests of the exchange of C'^Oa with the /?-carbo\yl carbon 
qf oxalacetate as catalyzed bj' dialyzed but unpuiified extracts of pigeon 
liver acetone pow dei confirmed the findings of Utter and Wood (4) Theie 
was considerable vaiiation among diffeient extracts in the amount of ex- 
change observed in the absence of added cofactors other than Mn++, but 
the addition of ATP always gave a marked mcrease in the magmtude of 
the leaction The addition of TPN to such extracts gave somewhat vari- 
able lesults, showmg effects similar to those observed by Utter and Wood 
(4) wnth DPN 

It was thought that more significant results might be obtamed wnth 
partially punfied preparations of the enzyme, since it seemed possible that 
the stimulation of fixation by eithei ATP oi TPN rmght be ehmmated on 
purification AVhen such expeiiments were conducted, it was found that 
the stimulating effect of TPN was ehmmated completely, whereas that of 
ATP became more marked The results are shown in Table II Two 
sets of expenments were run In Series 1 the enzyme solution was prepared 
by fractional precipitation with (NH 4 ) 2 SOi, followed by an adsorption and 
elution from calcium phosphate gel The enzyme solution used m Series 2 
was prepared from the solution employed in Senes 1 by precipitation with 
nucleic acid which was removed with salnune This step caused httle 
change m punty, but removed some pigmented material The data show'^ 
that there was consideiable fixation of m the absence of added co- 
factors in Series 1 TPN inhibited this fixation about 71 per cent ATP 
gave 170 pei cent stimulation In Series 2, where fixation in the absence 
of added cofactoi was very low, TPN had no effect, whereas ATP gave 
2000 per cent stimulation 


DISCUSSION 

Reactions (1) and (2) lepresent alternate mechamsms for the initial 
fixation of CO» in the dicarboxyhc acids It is possible that both may 
operate mdependently oi that either alone may constitute the imtial reaction 
The reversibility of leaction (1) is dependent on ATP,wheieas reaction (2) is 
dependent on TPN This might indicate an independence of the tivo reac- 
tions Several facts, howevei , point to the existenceof an intimate relation- 
ship, namelj% the close association of the enzymes catalj’^zing the two 
reactions, as reported by Ochoa,' and also the effect of TPN on the decar- 
boxylation of oxalacetic acid This latter effect may, in fact, be considered 
unusual unless the decarboxylation involves an oxidation-reduction 
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The lesults leported in this papei do not provide a final solution to the 
problem of the detailed mechanisms mvolved They do show, however, 
that it IS not possible at present to mterpret the effect of ATP on CO 2 
fixation in oxalacetate in terms of the ability of ATP to cause TPN forma- 
tion Though the possibihty exists that impunties m the TPN preparation 
may account for the stimulation of the decarboxylation, it is difficult to 
see how such impurities could invahdate the above conclusion 

SUMMARY 

The effects of ATP and TPN on the decarboxylation of oxalacetic acid 
by oxalacetic carboxylase from pigeon hver have been examined ATP 
causes a small inhibition, and TPN gives a marked stimulation 
On the other hand, the exchange reaction between and the car- 
boxyl carbon atom of oxalacetic acid is stimulated by ATP and not by TPN 
The significance of these findings m relation to the mechanism of CO 2 
fixation m dicarboxyhc acids is discussed 
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In ordei to cany out studies on the leduction of non in the gastioin- 
testinal tiact a method was necessaiy for the determination of both feiric 
and feirous foims of iron in digestion mixtures The excellent methods 
existing for the determination of total iron m foods and biological materials 
(I) did not meet this requirement Attempts to use the dipyiidyl color 
reaction to deteimme feirous iron in the piesence of ferric non were not 
successful Thompson (2) has presented a thiocyanate pioceduie for 
total non m uhich the colored complex is exti acted nith isobutanol By 
adding the oxidizing agent to one aliquot and onutting it m another and by 
extracting with a mixture of isobutanol and tertiaiy butanol a satisfactoiy 
modification was developed 


EXPERIMEXTAI, 

It was found that in a solution of ferious iron, in the absence of feme 
iron, a color developed slowly with thiocyanate after the addition of iso- 
butanol The iron solution used nas a solution of feme chloride which 
had been run through a Jones reductor Aliquots of this were tested with 
dipyr''av! without the addition of a reduemg agent and the color read at 
once The rOv^ults showed that the iron was 98 to 99 per cent in the ferrous 
form When aliquots were treated with thiocyanate, no coloi developed 
in the absence of ish^utanol for at least 2 minutes After the addition of 
this alcohol, a color began to develop at the zone of contact The presence 
of impurities in the isobutanol was luled out because the oxidation of the 
ferrous non occurred even if the alcohol was purified by repeated fi actional 
distillation or leciystallization Treatment of the alcohol mth various 
oxidizing and reducing agents in acid and alkaline solution did not prevent 
oxidation of the iron Other alcohols commonly used as selective soh ents 
gave the same results with the exception qf tertiary butanol The latter 

* This work was supported by a grant from the Graduate School of the University 
of Illinois 

t Present address. Department of Chemistry, Umversity of Kansas, Lawrence, 
Kansas 
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REDUCTI03S OF IRON B\ FOODS 


IS miscible with watei Howevei, when teitiaiy butanol is mixed with a 
definite quantity of isobutanol, two layeis can be obtamed and the oxida- 
tion of the iron pi evented It was impeiative that 10 ml of 20 per cent 
potassium thiocyanate solution be used, not only to produce the color but 
to act as a saltmg-out agent foi the alcohols 
The method as modified has been applied to the deteimination of soluble 
non m vaiious foods and biological mateiials 

Pi ocedme 

Appiopiiate aliquots (pieferably containing fiom 10 to 40 y of ferric 
01 total non) aie tiansferied to twm 125 ml separatoiy funnels, and dis 
tilled watei is added to a total xmlume of 25 ml Exactly 5 ml of concen- 
trated HCl and 20 ml of tei tiary butanol aie added To the mixture that 



Mlorograms of Iron 

Fig 1 Typical standard curve for the determination of iron by the modified 
thiocyanate procedure 


IS to be tested for total non (Fe++ plus Fe+++) 2 ml of a 4 pei cent potas- 
sium persulfate solution are added, while to the one that is to be assayed 
foi feiric non only 2 ml of distilled xvatei aie added 10 ml of 20 pei cent 
potassium thiocyanate solution aie added to develop the coloi This is 
followed immediately by the addition of 15 ml of isobutanol The samples 
aie shaken foi 30 seconds, and then allow'ed to stand until two layers are 
formed The lower layei is then discaided and the alcoholic layer trans 
feired to a diy 50 ml Erlenmeyei flask Pnoi to leading the per cent o 
transmission, the last tiaces of watei aie lemoved by the use of a sm 
amount of anhydious sodium sulfate Should the solutions lemain c on y, 
they may be centrifuged The pei cent transmission should be rea un 


mediately f t inn ner 

The leadings are taken at 485 m^ w'lth the leagent blanks se a 

cent transmission The microgiaras of iron are obtained from a s an 
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cuive Fig I lepiebcnts i typical cuive Feirous non is the difference 
between the total non iiid the feme non 

Two reigent blinks aie used one foi samples containing potassium 
persulfate, the othei foi samples without the peisulfate The tiansmission 
of the tw'o bl inks should not diffei by more than 4 pei cent 
Reagents — 

Iron-fiee distilled watei 

Concenti ited hydrochloiic acid, minimum sp gi 1 1875 
Tertiaiy butanol, Eastman Kodak Company, No 820, ledistilled 
Isobutanol, Eastman Kodak Company, No 303, ledistilled 
Potissium peisulfate, leagent giade, 4 pei cent solution m non-fiee 
distilled ivatei This solution should be piepared at fiequent inteivals 
(weekly) 

Potassium thiocyanate, 20 pei cent solution m iion-fiee distilled water 
Anhydrous sodium sulfate, reagent grade, Mallmckiodt 
Standard ii on solution , stock solution Dissolve iron w ire of knowm iron 
content in a minimum amount of 20 pei cent HCl to w hich 2 ml of con- 
centrated nitiic acid have been added Evapoiate the acid solution to 
dryness, and redissolve the residue in the minimum amount of HCl and 
dilute the solution wnth iion-fiee distilled watei so as to give a concenti a- 
tion of 1 mg of non pei ml To piepaie a fleshly ovidized standard iron 
solution treat 10 ml of the stock solution w ith 2 ml of 30 pei cent hydrogen 
peroxide and 2 ml of concentrated ammonium hydi oxide Concenti ate 
this mixture to about 5 ml The precipitate is dissolved by the addition 
of 2 ml of concentrated HCl and 30 ml of iron-fiee distilled water This 
is transferred to a 100 ml volumetiic flask and the final volume is adjusted 
with the iron-free distilled water 

Cehte 501, Johns-ManviUe This is used as a filter aid Smee Celite 
501 contains considerable iron, the latter is removed by ivashing with 10 
per cent HCl until iron-free The excess acid is removed by washing wnth 
iron-free distilled water and the Cehte is then dried 

Rehabthly of Method 

Table I represents a number of typical results obtamed with our modified 
method as applied to pure solutions of feirous non and mixtures of ferrous 
and feme non The feiious non added w^as obtained from an iron solu- 
tion lun thiough a Jones reductoi, while the feme non w'as treated with 
hydiogen peroxide to insure complete oxidation The samples containing 
the potassium persulfate w'ere read against the blank to which the oxidizing 
agent was added, w'hile those without the peisulfate weie read against the 
blank fiom wEich the oxidizing agent w'as omitted The results obtamed 
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aie within the limits of expeiimental erior With an mcrease in the con- 
centiation of non the pei cent of erior decreases 

Reduction of Iron hy Foods in Artificial Gastric Digestion 

Food samples m the quantities mdicated below were incubated at 37 5° 
for 3 hours ivith either hydiochloiic acid (pH 1 ± 0 2) or with a 0 5 per 
cent solution of commercial pepsin (1 10,000) m hydrochloric acid (pH 1 ± 
0 2) The desned quantity of each food was mi\ed with 90 ml of the 

Table I 


Recovery of Ferrous Iron Alone or in Presence of Feme Iron 


Sample No 

Ferrous iron 

Feme iron 

Ferric iron found 

Ferrous iron 

added 

added 

No KiSiOi 
added 

KsSsOi added 

found 


y 

y 

y 

y 

y 

1 

10 

0 

0 5 

10 0 

9 5 

2 

10 

0 

0 3 

9 9 

9 6 

3 

20 

0 

0 5 

19 8 

19 3 

4 

20 

0 

1 5 


18 5 

5 

30 

0 

1 8 

29 7 

27 9 

6 

30 

0 1 

1 4 


28 6 

7 

40 

0 

1 3 

39 8 

38 5 

8 

40 

0 

1 4 

39 8 

38 4 

9 

10 

10 

11 3 

20 5 

9 2 

10 

10 

10 

11 2 

20 1 

8 9 

11 

20 

20 

21 5 

40 2 

18 7 

12 

20 

20 

21 4 

39 9 

18 5 

13 

25 

25 

26 3 

50 4 

24 1 

14 

25 

25 

26 2 

50 2 

24 0 

15 

30 

30 

31 0 

60 6 

29 6 

16 

30 

30 

31 4 

60 5 

29 1 


hydiochloiic acid oi pepsm-hydiochloiic acid and 10 ml of a fieshly o\i- 
dized iron solution, so that each ml of the reaction mixture represente 
10 7 of feme lion In the control samples 10 ml of iron-free distilled water 
were used in place of the non solution 

The quantities of foods used pei 100 ml of leaction mixture were as 
follows an -dried whole -wheat bread 7 gm , air-dried white biead (no 
enriched) 7 gm , acetone-diied beef muscle 7 gm , cooked egg yoH^ S® > 
cooked egg \ihite 7 gm , cooked beef (fat-fiee) 12 5 gm , boiled 
tatoes 12 0 gm , peas (canned) 12 0 gm , raw cabbage 12 0 gm or o 
mogenized milk (acidified to pH 1), oiange juice, and tomatoes (nunce 
a Waring blendor) 50 0 ml portions were mixed with 10 ml of . 

distilled crater or 10 ml of iron solution The total volume was a j 
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to 100 ml , with the hychochloiic acid solution or the acid pepsin solution 
Aftei the 3 hour incubation period the leaction mixtuies were filtered 
through a column of Celite contained m a caibon tube The filtration pi oc- 
ess w lb found not to change the quantity oi the state of oxidation of the 
boluble non of solutions subjected to it 

0\idation-i eduction potentials and pH values of mixtures were deter- 
muied at the beginning and end of the digestion peiiods The final values 
are given in Table II The Eh deteiminations w'ere made with a bright 
platinum electrode and potentiometei Potentials are expressed as 
millivolts The sign is m accoid with the Euiopean convention co mm only 
used by biochemists and is lefeired to the standaid hydrogen electrode 
According to the same nomenclature, the oxidation-i eduction potential 
of the Fe+++ -Fe++ system is +747 All of the food mixtures stuched by 
us have potentials less positive than this, and so some reduction of added 
feme ions w'ould be expected in all cases This was found to be true ex- 
cept wuth egg yolk, m which instance the iron wns completely or almost 
completely bound In other cases, also, complex formation has limited 
the amount of reduction It must be borne in mind also that the metal 
ions may form complexes not only with organic dietary constituents but 
with Cl“ and other inorganic ions No maiked parallehsm of Eh and 
reduction was therefore found or was to be expected Foods highest in 
iron-reducing value, as oranges and tomatoes, did, how'ever, show the 
greater reduemg tendency as measuied by Eh values Furthei knowledge 
of the state of the iron m the muxtuies w'lll be needed to coi relate potentials 
with iron reduction more closely 

That the hydrochloric acid of the reagents used did not in the presence 
of foods give rise to any oxidizing or reduemg agents mfluencmg the results 
was shown by experiments in which such foods w'hen incubated with hy- 
drochloric acid or pepsrn-hydiochloric acid for 3 horns gave the same re- 
sults for feme and feirous non whether the analysis was completed im- 
mediately after addition of the leagent hydrochloric acid or half an hour 
later The use of actinic lay flasks to protect from sunlight was found to 
be unnecessary 

Table II shows the results obtained wnth the various foods Each sample 
was incubated with and without added iron (control) The results ex- 
pressed m Table II are derived in the follow'mg manner a = total non 
foimd m the control, a' = ferious iron foimd in the control, h = total iron 
found in the sample with added iron, h' = ferrous iron formd m the sample 
with added iron, c = 50 7 of ferric iron pei 5 ml of reaction mixture, per 
cent reduction = [{b' — a')/c] X 100, per cent complex formation = 
[(c - (6 - a))/ c] X 100 

As IS indicated in the formula, by per cent complex formation is meant 
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that per cent of iron added to the food mcxtures that is piesent m such a 
form as not to react with the thiocyanate under the conditions of tlie de- 
termination Iron IS knoira to foim complexes wth pioteins and many 
othei substances 


Table II 

Reduction and Complex Formation of Iron by Foods on Incubation with Hydro 
chloric Acid and Pepsin-Hydrochloric Acid Solutions 


Bh and pH values for the mixtures at the end of the incubation periods 


Food 

Hydrochlonc acid 

Pepsm hydrochlonc aad 

Heduc 

tion 

Com 

plex 

forma 

tion 

Eh 

pH 

Reduc 

tion 

Com 

p!ex 

forma 

tion 

Eh 

pH 


per cent 

per cent 

m7 


per cent 

percent 

mv 


Whole wheat bread 

9 0 

62 0 


1 29 


54 0 

4-496 

1 39 

White bread 

17 7 

43 5 


0 98 

43 5 

7 0 

4-533 

0 98 

Dried beef muscle 

39 6 

58 0 

-f447 

1 90 


57 0 

4-330 

3 09 

Cooked beef 

1 ^ 

11 5 

4-444 

1 49 

28 0 

18 0 

4-486 

1 56 

“ egg yolk 


92 5 

-h497 

1 06 


mima 

4-488 

1 28 

“ “ white 


6 0 

-f390 

1 23 

29 0 

6 0 

4-423 

1 34 

Homogenized milk 

20 0 

70 5 


1 26 

11 5 

21 0 

4-471 


Orange juice 

78 0 

9 0 


1 78 


16 5 

4-375 


Tomatoes 

86 5 

10 0 

-f378 

1 70 


5 0 

4-395 


Boiled white potatoes 

54 5 

15 0 

-f518 

1 24 


23 5 

4-471 

1 45 

Canned peas 

22 0 

67 5 

-f508 

1 09 

4 5 1 

89 5 

4-536 


Raw cabbage 

81 5 

10 3 




17 0 




DISCUSSION 

Fiom the results in Tables I and II it will be seen that by the method 
proposed soluble lonizable feme and ferious iron could be deteimined m 
the piesence of each othei in pure solutions as well as in aitificial gastnc 
digestion mixtmes The lesults on foods aie aveiages of at least tno 
expeiiments m each case The slight leduction due to the pepsin prepara 
tion did not appeal to mfluence the lesults significantly, since in a number 
of cases inductions were less m the piesence than in the absence of pepsin 
No conclusions can at piesent be diawn from differences in degrees o 
lion reduction obtained on tieatment of foods with hydiochlonc ^ 
compared wnth pepsin-hydrochloric acid While white bread and coo e^ 
beef shoxved greatei reductions on the pepsin-hydiochloric acid tieatmen , 
othei foods, such as egg ivhite, did not Studies on individual componen 
of foods should thioxv moie light on this matter 

With legaid to complex foimation, it was found that in geneia " 
the degree of reduction was rather small the per cent of complex orm 
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was high A sti iking example of this can be seen in the case of egg yolk 
in which theie was no leduction but 100 per cent complex formation 
Tompsett (3) in his cxpeiiments reported that iron was not reduced by egg 
yolk With egg albumin, on the othei hand, we have very little complex 
foim ition but a lelatively high per cent reduction The recovery of added 
soluble non is i elated to the amount of non entering into complex forma- 
tion w'lth the paiticular foods 

l^eii ic non w as i educed by all of the foods tested except egg yolk Fiesh 
tiuits and vegetables (manges, tomatoes, cabbage) gave the highest values 
(up to 98 per cent) Consideiable reductions were also noted with breads, 
meats, and egg white Milk had a lesser effect It is clear that a very 
significant amount of reduction of iron may occur with foods under condi- 
tions of artificial gastiic digestion 

Similar expeiiments were carried out on pure sugars, the followmg 
amounts being added to hydrochlonc acid solutions with a final volume of 
100 ml glucose 0 337 gm , fructose 0 337 gm , maltose 0 607 gm , dextim 
1 685 gm , lactose 0 545 gm The percentage reductions of added iron 
were for glucose 110, fructose 110, maltose 12 0, dextrm 9 0, and lactose 
15 The results wnth lactose w'eie confirmed on a highly puiified prepara- 
tion Very smiilar lesults w^ere, however, obtamed with hydrochloric acid 
solutions incubated under similar conditions but m the absence of sugar, 
reductions of 10 to 1 1 per cent being noted and woth pepsm-hydrochloric 
acid 12 per cent These reductions took place gradually, over the 3 hour 
period, and mdicate that any reducmg effect of the sugars must be very 
slight 

Ascoibic acid in 25 mg quantities (similar to the amounts present in the 
tomato experiments) gave 83 per cent reduction, compared to 86 5 per cent 
noted W'lth tomatoes Ascoibic acid is probably responsible therefore for 
the high reduction values with tomatoes as well as with orange' juice and 
may be partly responsible for the fairly high results w'lth potatoes, since 
these contain appreciable amounts of ascorbic acid 

That protems and piotein digestion pioducts may have reducmg effects 
IS suggested by the results with high protein foods and is confirmed by some 
experiments with lactalbumin A water-soluble lactalbumm preparation 
in amounts of 7 gm gave reductions m hydrochloric acid solution of 21 4 
pel cent, indicating that this protein has reducing properties m the unhy- 
drolyzed state A denatured lactalbumm preparation gave, prior to incu- 
bation, a reduction of only 6 per cent After a 3 hour incubation with 
pepsm-hydrochloric acid a reduction of 41 4 per cent was noted No fur- 
thei change was observed after 6 hours The amount of iron entering into 
complex foimation fell during digestion from 31 7 to 2 4 per cent It 
appears therefoie that digestion of msoluble protems promotes reduction 
by putting protein m solution and mcreasmg the amount of unbound iron. 
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The nature of the i educing gioups, whether sulfhydryl oi not, remains 
unsettled AVhateiei it may be, they appeal to act slowly, since lactal- 
bumm digested for 3 houre gives little immediate reduction of added iron 
(about 14 6 pel cent) but on 3 hours fuithei mcubation gave 39 per cent 
reduction, oi a value veiy similar to that of the pieceding expernnents m 
which the iron w as added at the beginnmg 
Further study of these protem effects, as ivell as of the mfluence of other 
reducmg substances in foods, is required 
The methods used heie also have been found apphcable to experunents 
on reduction in the human stomach 

sujnuRp 

A method is desciibed foi the estimation of ferric and ferrous forms of 
iron in the presence of each other The method has been successfully ap- 
plied to the determination of the degree of reduction and of complex forma- 
tions by various foods and biological materials with ferric iron under con- 
ditions of artificial gastric digestion 
Flesh vegetables and frmts reduced the iron as much as 77 to 98 per cent 
Ascorbic acid appears largely responsible Egg white, meat, and bread 
reduced the non to the extent of about 25 to 40 per cent Milk gave less 
reduction and egg yolk none at all Sugars produced httle effect but pro 
teins and their digestion products play a part m reduction of non by certain 
foods Fui ther study is needed to determine more completely the nature 
of the substances mvolved in the reduction of the iron 
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FREE AMINO ACIDS IN CEREBROSPINAL FLUID* 
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Values foi total ammo acid nitiogen and foi certain individual ammo 
acids in cerebrospinal fluid have been repoi ted in the htei atuie The values 
for total a-amino acid mtrogen show some variations, perhaps dependmg 
on the methods employed Weichmann and Domimcke (1), using the 
Folin colorimetric method, report values of 1 2 to 2 0 mg per cent, while 
Christensen ct al (2), using the manometric mnhydrm procedure, report 
1 04 to 1 43 mg per cent of ammo nitiogen Harris (3) has reported the 
glutamine content of cerebiospmal fluid to be 6 0 to 11 9 mg per cent 
Christensen el al (2), using chemical methods, report the glycine values 
for spinal fluid to be about one-tenth and the alanine values to be about 
one-thud of the corresponding values for blood plasma 

We are piesenting results of the determination by microbiological meth- 
ods of eleven individual ammo acids m spinal fluid 

EXPERIMENTAL 

The microbiological determination of ammo acids m spmal fluid offered 
some difficulty because of the small amounts of the ammo acids present and 
because of the occurrence m spmal fluid of substances interfering with 
growth of the test orgamsms An attempt to run estimations on spmal 
fluid without protem removal was unsuccessful because of growth inhibition 
The use of tungstic acid as an agent for protem removal was not satisfac- 
tory One difficulty lay m removmg the protem completely without leaving 
an excess of tungstic acid m the filtrate 

We next tried heating spmal fluid at pH 4 7 to coagulate the protem and 
then filteimg Removal of protem was fairly complete but inhibition re- 
mamed We then evaporated this filtrate for 3 hours on a boilmg water 
bath and found that the resulting solution could be successfully analyzed 
The natuie of the inliibitmg substances destroyed by this treatment is not 
knoMTi Oui final proceduie gave satisfactory recoveries of ammo acids 
added to spmal fluid m amounts similar to those already present m the 
flmds Theie weie no sigmficant changes m the a-ammo nitrogen values of 

* This work was supported by grants from the Nutntion Foundation, Inc , and 
from the Graduate School of the University of Rlmois 
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spinal fluid treated according to our procedure, indicating that there was no 
hydiolytic liberation of amino acids involved 

Procedure 

The spinal fluid specimens analyzed weie obtained fiom patients under- 
going encephalogiaphy at the Illinois Neuropsychiatiic Institute Some of 
the patients were epileptic All lepresented conditions in ivhich no abnor- 
mality of the spinal fluid has been leported Theie w ere no cases of syphi 
hs, meningitis, oi other inflammatory conditions All specimens were clear 
and flee fiom blood The volumes varied usually from 50 to 100 cc , with 
some smaller specimens from children The spinal fluids, collected by 
lumbar punctuie under sterile conditions, iveie kept in a frozen state until 
analyzed Fiom 40 to 80 cc of the spinal fluid weietiansfeired to a 150 cc 
beakei The pH ivas adjusted with hydrochloiic acid to 4 7 and the fluid 
then heated for 30 minutes on a boiling ivater bath Coagulated protein 
was removed by filtiation, the precipitate washed twice with 4 to 5 cc of 
distilled watei, and the filtiate returned to a beaker on the boiling ivater 
bath foi about 2 houis longei The fluids w'eie thus concentiated to about 
one-fourth the origmal volume The pH wms adjusted to 6 8 ivith 0 1 n 
sodium hydi oxide and diluted to a definite volume (one-fourth of the origi- 
nal volume) 

The concentiated fluid wxis analyzed miciobiologically foi ammo acids 
accoiding to the proceduies previous^ outlmed for blood plasma and 
sweat (4, 5) 


RESULTS AND DISCUSSION 

Table I gives the analyses of fluids from sixteen non-epiIeptic subjects 
It will be seen that theie aie no great variations m the amount of the indi- 
vidual ammo acids in the fluids fiom the various subjects 

Table II presents values foi fluids from patients wnth epilepsy It u 
be seen that the results for the individual ammo acids fall m about the same 
range as the values m Table I (non-epileptic group) Means and stan ar 
deviations are given for the entire twenty -six spinal fluids In ® 
are also included values obtained on twm composite samples of spmal m > 
one from adults (Gioup A (5), ages 45 to 62 years) and the other fiom c i 
dien (Group B (5), ages 2 to 12 years) It will be seen that the values to 
the older age group aie similar to those m Tables I and II, which me u e 
chiefly individuals from 25 to 60 years of age The lower age group ® ° i 
geneially lowei values foi the individual ammo acids Furthei 
this lower age group are desirable Children have been reporte o s 
lower values than adults for blood ammo acid nitrogen (6) ^ 

In Table III a comparison is made of the levels of free ammo aci 
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spin il fkucl with those ui human plasma (4) The ratios of plasma values 
for spinal fluid aie much lowei, ranging from one-fifteenth to one-fourth of 
the V lines foi plasma, with an aveiage of about one-tenth Aigimne, with 
i latio of 4, IS bomew hat exceptional This somewhat independent position 

Table I 

I'Tce Ainitw Icicl Content of Cerebrospinal Fluid from Sixteen Non-Epileptic 

Subjects 


Reported as micrograms of ammo acid per cc of cerebrospinal fluid 


Specimen Iso 

Diagnosis 

Age 

Argminc 

a 

•a 

Isoleucinc 

Leucine 

P 

in 

►5 

Phenylalanine 

Threonine 

Tyrosine 

Valmc 

Methionine 

Cyslme 
























1 

Cortical atrophy 

57 

S' 

4 

8 

1 

8 


1 

0 

1 

5 

1 

6 


6 

1 

9 

1 

9 




0 

Porencephaly 

25 

cP 

3 

9 

1 

8 

1 1 

1 

4 

0 

66 

0 

82 

1 

8 

a 

55 

2 

5 




3 

Encephalopathy 

27 

o' 

6 

4 

1 

5 

1 6 

1 

0 

2 

4 

1 

8 

1 

8 

2 

1 

1 

9 




“1 

Tuberous sclerosis 

26 

& 

7 

7 

a 

0 

2 7 

1 

3 

2 

a 

2 

a 

3 

1 

1 

6 

2 

6 




0 

Encephalopathy 

60 

o’ 

5 

8 


7 

1 5 

1 

8 

2 

9 

2 

6 

a 

2 

2 

7 

2 

8 




6 

Hemiathetosis 

36 

<f 

6 

8 

2 

0 

XI 

1 

2 

2 

6 

1 

7 

2 

5 

1 

9 

2 

5 




7 

Encephalopathy 

30 

cf 

7 

4 

1 

8 

1 3 

1 

4 

2 

8 

2 

7 

2 

3 

2 

4 

2 

3 




8 

Cortical atrophy 

34 

9 

3 

5 

1 

4 


a 

95 

3 

5 

1 

6 

2 

3 

1 

9 

1 

6 



1 6 

9 

t t* 

42 

9 

3 

7 

1 

6 

ml 

1 

4 

3 

2 

1 

7 

1 

9 

2 

0 

1 

6 



1 7 

10 

Chorea, chronic 

26 

S' 

5 

5 

2 

0 


1 

7 

4 

El 

2 

4 

2 

9 

2 

2 

2 

7 

0 

Ilil 

1 6 

11 

Cerebral throra- 
























bosis 

38 

& 

6 

5 

1 

4 

lilaB 

1 

3 

3 

5 

2 

5 

2 

5 

2 

4 

1 

6 

a 

43 

2 7 

12 

Encephalitis 
























lethargica 

38 

O' 

6 

3 

1 

8 


1 

5 

3 

6 

1 

9 

3 

8 

2 

3 

2 

2 


45 

1 4 

13 

Cortical atrophy 

28 

S' 

5 

7 

1 

4 

0 65 

1 

6 

3 

4 

1 

7 

3 

7 

1 

6 

2 

2 

s 

28 

1 6 

14 

Cerebral degenera- 
























tive disease 

52 

9 

6 

7 

1 

5 


1 

4 

3 

0 

2 

3 

2 

7 

2 

El 

2 

1 

a 

38 

2 7 

15 

Dilatation of 
























cavum 

25 

9 

6 

El 

1 

9 


1 

7 

3 

9 

1 

4 

3 

9 

1 

9 

2 

5 

1 

43 

[ilal 

16 

Convulsive state 

44 

S' 

4 

8 

1 

4 

1 9 

1 

3 

2 

9 



2 

9 

1 

9 

1 

9 




Mean 



5 7 

1 

7 


1 

3 

2 8 

1 

9 

2 8 

1 

9 

2 

1 

m 

1 8 

S D 



1 3 

H 



1 0 

B 

B 

0 6 

B 

m 

0 4 


of aigmine is in agieement ivith lesults on sweat (5) uhich contains rela- 
tively much moie arginine than blood plasma (4) The general patterns 
of the free ammo acids in spmal fluid and plasma, ii hile showmg no extreme 
vaiiations, aie not closely similar The mechanism by which such differ- 
ential concentrations are maintamed is not clear It is believed, howexer, 
that these values foi ammo acids m spmal fluid, together xvith concentra- 
tions found after feedmg large amounts of individual ammo acids, will 
throw some further hght on the physiology of the secretion 
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repoited by Hams (3) We weie not able to demonstrate the presence of 
free proline m spinal fluid Our results with glutamic acid mdicate that it 
IS present in amounts not greater than 2 pei cent of the glutamine value 
On the basis of these findings it appears improbable that the presence of 
“conjugates” or other peptide combmations has a great effect, if any, on the 
determination of the mdividual ammo acids in spmal flmd by the micro- 
biological methods employed 


SUMMARV 

A method for the microbiological determination of free amino acids in 
cerebrospinal fluid is described Results aie piesented foi eleven mdividual 
free ammo acids in the spinal fluid of twenty-six subjects Average values, 
m micrograms per cc were as follows aigmine 6 0 ± 1 4, histidme 1 7 ± 

0 5, isoleucme 0 98 ± 0 5, leucine 1 4 ± 0 2, lysine 2 8 ± 0 8, phenylalanine 

1 9 ± 0 7, threonine 2 8 ± 0 9, tyiosme 2 0 ± 0 7, valine 2 1 rfc 0 5, meth- 
lonme 0 4 ± 0 09, and cystme 1 8 ± 0 5 The values vaiy fiom about one 
fouith to one-fifteen til of those for blood plasma 

No significant changes weie noted m the fiee ammo acids in the spmal 
fluids of epileptic oi other patients studied 
An analysis of spinal fluid protein is lepoited 

9 

We AVish to acknowledge oui indebtedness to Di Eiic Oldbeig and the 
staff of the Illinois Neuropsychiatiic Institute foi their help m carrymg out 
this woik Special mention should be made of the assistance of Dr Oscar 
Sugai 
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DIPHTHERIA TOXIN 

IV THE IRON ENZYMES OF CORYNEBACTERIUM DIPHTHERIAE AND 
THEIR POSSIBLE RELATION TO DIPHTHERIA TOXIN* 

BiALWINM PA.PPENHEIMER, Jr , \ndEDELMIRAD HENDEE 

(/'■rom Ihc Department of Bacteriology, New York University College of Medicine, 

New York) 

(Received for publication, June 18, 1947) 

In the pievious communication (1) the mhibitory effect of iron on to\m 
and poiphyiin pioduction by the Toionto stiam of Coiynehactemm diph- 
thenae was lepoited It Avas shown that foi eveiy 4 atoms of iron added to 
the culture medium (ovei and above that optimal for to\m pioduction) 
4 molecules of poiphyiin and 1 of to\m failed to appear m the culture super- 
natant All of the non added to the medium ovei the lange of toxm in- 
hibition could be lecovered fiom the bacterial cells, and as then non content 
increased a two banded spectrum became visible m cell suspensions tieated 
with dilute alkali and sodium hydrosulfite On the basis of these observa- 
tions it was suggested that diphtheiia toxin may be the protein moiety of 
an iron-contammg lespiiatoiy enzjnne 

In the present study, we have investigated the effect of non on production 
of the following enzymes by diphtheria bacilh catalase, cytochiomes b and 
c, and cytochrome oxidase While proof is lackmg, the lesults furnish evi- 
dence that diphtherial cytochrome b may be the enzyme postulated to 
contam iron, porphyiin, and toxm 

Methods 

Cultural Methods — The Park-Wilhams No 8 (Toionto) stram of Coryne- 
bo.cterium diphtheriae was grown on Muellei and Miller’s medium (2) m 
the manner desenbed m the previous communication (1) Organisms Avere 
harvested after 5, 6, and sometimes 7 days giOAvth at 34° For metabohe 
studies, it has been found that the final pH at Avhich the organisms are hai- 
vested is of greater impoitance than the time of mcubation Bacterial 
suspensions from cultures harvested betAveen pH 6 5 and 7 5 show repro- 
ducible and maximal enzymic activity Repioducible results are not ob- 
tamed when the final pH is above 7 5, and such bacterial suspensions often 
show greatly dimmished catalase and oxidase activity 

In addition to the Toronto stiain, which is of the mtermedius type, some 

* Supported by a grant from the Commonwealth Fund 

A preliminary account of the work reported in this paper was presented before 
the Federation of American Societies for Experimental Biology, May 19, 1947 
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expenments have also been earned out with the Halifax strain of Corijne 
bacterium dzphtJienae This strain is a typical grams type isolated in the 
Halifax epidemic in 1940 and studied by Mueller (3) The Halifax strain 
produces relatively little toxm at low iron concentrations (<10 Lf per cc 
as compared wth 70 Lf per cc by the Toronto stram under identical con- 
ditions) Toxm production by the Halifax strain is not mhibited to quite 
the same extent at high iron concentrations as is the case inth the Toronto 
culture (3) 

Bacterial Suspensions — Bacteria fiom 300 cc of culture were collected 
by centnfugation and washed three times with 250 cc charges of saline 
The washed orgamsms iveie then made up to 20 to 25 cc and shaken for 
1 minute in a 9000 cycle some oscillator * Treatment for this short period 
yielded homogeneous suspensions with only slight disruption of the cells 
The suspensions v ere diluted 200-fold and the turbidity read m a Coleman 
spectrophotometer at 650 mp Bacteiial mtrogen per cc was estimated 
from a standard curve 

Determination of Catalase Activity — Catalase activity of whole washed 
organisms ivas determined by measuring the rate of decomposition of hydro- 
gen peroxide m 0 0067 m phosphate buffer at pH 6 8 and 0® according to 
the method outlined by Sumnei and Somers (4) The iodine liberated 
from potassium iodide by hydiogen peroxide aftei diffeient time mtervals 
was titrated with sodium thiosulfate Catalase units (Kai f ) are expiessed 
as the monomolecular constant at zero time pei gm of bacteria 

Respvation Expenments — Oxygen consumption was measured m the 
Warburg apparatus at 36 5° in the usual mannei Unless othenvise noted, 
0 25 cc of 0 16 M substrate was placed m the side arm, 0 2 cc of 20 per cent 
NaOH in the center cup, and 0 5 cc of 0 4 m phosphate buffer at pH 7 3 
m the vessel itself The total volume ivas 2 cc m all cases Whenever 
whole orgamsms were used as a source of enzyme, blank runs were earned 
out mthout substrate Qq^ values are expressed as c mm of O 2 pei mg of 
bacterial mtrogen per hour, calculated from the oxygen consumed during 
the first 30 minutes, and are corrected for “restmg” metabolism 

EXPERIMENTAL 

Effect of Iron on Catalase Pioduclion — The effect of addmg 
amounts of iron to the cultuie medium on catalase production y ® 
Toronto and Halifax strams is shown m Table I The cultures to w ic no 
iron was added had been adjusted previously to the iron 
op tima l for toxm production by the Toronto strain ItwiUbenote 
with the Toronto stram, catalase production is proportional to 
added, and therefore vanes mversely with toxm production s ® 

1 Manufactured by the Submarine Signal Corporation of Boston, Massac 
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pieviously ( 1 ), the non content of cells giown in the piesence of an 
excess of non is about 5 times that of organisms giown undei conditions 
most fivoiable foi to\m pioduction The inciease in catalase content is 
also appioximately 5-fold Ciystallme catalase contains 30,000 to 60,000 
units pel gm and its iron content is 0 09 per cent (4) Fiom these figures 
and the data gnen m Table I it may be calculated that the mcreasein 
catalase iionoa ei the lange inquestion isonly about IO 7 pei gm of bacteiia 
Smce the total inciease m bacterial non content is 70 to 80 7 per gm , it 
seems most unlikely that catalase can be the postulated toxin-contaming 
non enz 3 mie 

It will also be noted fiom Table I that, even m the piesence of excess iron, 
only 10 pel cent as much catalase is pioduced by the Halifax strain 
as by the Toronto stram Moreover, the catalase content of the foimei 
strain is only mci eased 65 pei cent by the addition of 200 7 of non per 300 
cc of culture medium as compared mth an mciease of almost 500 per cent 


Table I 

Effect of Iron on Catalase Production 


Iron added 

Park WiUiama No 8 (Toronto) stram 
%nterinedxu5 

Halifa*^ stram, 
srovts 

Growth 

Catalase 

Growth 

Catalase 

7 per 300 C6 

ms If 

Kal S 

ms N 

Kat / 

0 

162 

185 

54 

52 

50 

215 

400 

153 

76 

100 

228 

610 

163 

78 

200 

240 

840 

186 

86 


for the Toronto stram This may be attributed to the failure of the Halifax 
stram to grow satisfactorily at low iron concentrations, n hich suppoi t heavy 
growth of the Toronto cultui e While at high 11 on levels the Halifax sti am 
yields 75 to 80 per cent as much bacterial nitrogen as the Toronto stram, 
only about 30 per cent as much growth is obtamed when the iron concentra- 
tion IS reduced to that optimal for toxm production by the Toronto culture 
Presumably, the change m cellular non content of oigamsms of the Halifax 
stram is less than 2 -fold "Whethei the failure of this strain to yield hear y 
growth at low non concentrations is due to its Ion catalase content or to 
some other reason has not been deter mmed 

Effect of h on on Succinate Oxidation — Measurement of the late of oxi- 
dation of succinate by cell suspensions may often give an approximate esti- 
mate of the over -all activity of the cj’-toclirome S 3 "stem The effect of 
adding iron to the culture medium on the rate of oxygen uptake by n ashed 
suspensions of diphthena bacilli is shown m Table II The results are 
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Similar to those obtamed with catalase Oxygen uptake by suspensions of 
the Toionto stram is piopoitional to the iron added and vanes inversely 
with to\m production Suspensions of high non content oxidize succinate 
5 to 6 times fastei than oiganisms grown under conditions favoiable for 
maximal toxm pioduction As is seen from Table II, the Halifax strain is 
somewhat moie active than the Toronto stiain in the piesence of excess 
lion Howevei, the Qorsuccinate for the Halifax stiam is mcreased only 
60 to 70 pel cent ovei the non lange m question As m the case of catalase, 
this may be attnbuted to the relatively high non content of organisms of 
the Halifax stram giovm on media deficient in non 
Sunilaily with othei substiates, including glucose, maltose, lactate, 
fumaiate, malate, glutamate, and a-ketoglutarate, an mcreased late of 
oxidation was found with suspensions of Toionto oiganisms of mcieasmg 
non content 


Table n 


Effect of Iron on Succinate Oxidation 


lion added 

Park Williams No 8 (Toronto) stram tnlermedtus 

Halifax strain, grew 

To^in 

Qo 

Qot 

7 {cr 300 cc 

£/ per ce 

c mm Ot per mg rV per hr 

c mm Ot per mg N per hr 

0 

70 

20-30 

81 

20 

62 

35-50 


50 

48 

43-66 

82 

70 

40 

72 

1 

100 

25 

no 

129 

200 

0 

106-120 

137 


Speclroscopic Exaimnation of Bacterial Extracts — When heavy suspensions 
of diphtheria bacilh contammg 5 to 10 mg of bacteiial mtiogen pei ce are 
treated foi 30 mmutes in the 9000 cycle sonic oscillator, the cells aie almost 
completely disrupted Smeais from the suspensions foUoivmg this tieat- 
raent show only occasional mtact oiganisms Aftei lemovmg the cellular 
debris in a Swedish angle centiifuge, opalescent extiacts may be obtame 
which, when fiesh, show 90 per cent of the actmt}'' of the original ce 
suspension when tested foi oxygen uptake m the piesence of succina e 
Such extiacts from cells of high non content are deep leddish bionn m 
coloi On addmg a little sodium hydrosulfite, the color changes to a more 
pinkish hue and a two banded hemochromogen type of spectrum becomes 
cleaily visible when viewed ivith a small spectroscope On the ot ei 
extracts fiom oiganisms of low iron content groivn imdei conditions op 
foi toxm pioduction are pale straw color and show no chstmc an 
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the spectioscope The absoiption spectia m the visible region of reduced 
diphtheiial extiacts of lugh and low iron content in phosphate buffei at pH 
7 2 aie shown in Fig 1 The measurements weie made in the Beckman 
spectiophotometer ivith sonic evtiacts which had been partially clarified 
by centiifiigation in the lefiigeiated centiifuge at 18,000 rpm for 30 
imnutes Despite the relatively large geneial absoiption of the crude 



Fig 1 Absorption spectrum of reduced cytochrome 6 in extracts of Corynehac 
terium dtphihenae (visible region) Curve I, extract from orgamsnis of low Fe con 
tent, 6 Omg of bacterial mtrogenpercc inO ISiiphosphate bufferatpH? 2 clanfied 
at 18,000 K p M for 30 minutes Curve II, extract from orgamsnis of high Fe content, 
5 3 mg of bacterial mtrogen per cc in 0 13 xi phosphate buffer at pH 7 2 clarified at 
18,000 R P Ji for 30 minutes 

extracts, pronounced maxima at 560 mp and 524 to 525 mp are clearly 
visible In Fig 2 aie plotted the absorption spectia of diluted extracts 
from cells of high non content m the neai ultiaviolet before and after re- 
duction wuth hydiosulfite The curves showm m Fig 2 weie obtamed by 
sub ti acting the absoiption of extiacts of low iron content from that of lugh 
iron-contammg extiacts The mtense Soret band at 415 mp is shifted to 
429 mp foUowmg reduction 
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Fujita and Kodama (5) m then spectioscopic study of bactenal cjto 
cliromes leported that cytochionie b ^\as the majoi cytocluonie component 
obseived in suspensions of diphtheiia bacilli Oui owm findings aie in 



WAVE LENGTH IN 7>Ty<Z 

Fig 2 Absorption spectrum of cytochrome b in e\tracts of Corynebactenum 
diphlhcnae (neai ultraviolet) Extract from organisms of high Fe content read 
against extract from orgamsms of low Fe content before and after reduction mth 
sodium hydrosulfite 1 mg of bacterial mtrogen per cc in 0 13 ii phosphate buffer 
at pH 7 2 clarified at 18,000 r i* m for 30 minutes 


Table III 

Absorption Maxima of Reduced Cytochrome Components 


1 

Com 1 
poDent 

Source 1 

BibUograpliic leftience 

AbsorpUoa maomi 

a 

Heart muscle 

Keilin and Hartree (6) 

m/i 

605 

? 

ftlfi 

452 

CI3 

U tt 

I “ “ " (6) 

600 

? 

448 

b 

it it 

“ “ (6) 

564 

530 

432 

? 

429 

? 

415 

a 

Diphtheria bacillus 

Fujita and Kodama (5) 

562 

532 


it It 

Present study 

560 

524 

bi 

Yeast 

Bach, Dixon, and Zerfas (7) 

556 3 

530 

c 

Heart muscle 

Keilin and Hartree (6) 

550 

521 


agreement mth then observations The position of the bands o 
theiial cytochiome b in relation to othei cytochrome components ^ , 
ous sources is summaiized m Table III The spectium o ^ jg 
cytochiome b is unaltered m the presence of 0 003 M potassium cy 
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Fujita, and Kodama (5) lepoited a weak band at 550 m/i, coiiespondmg 
to cj’-tochiome c, in suspensions of diphthena bacilli In oui extracts v,e 
have been unable to identify vith certainty bands due to any of the cyto- 
cliiome components othei than cytochrome b An extiact fiom 3 gm of 
diphthena bacilh of high iron content was fractionated and concentrated 
to a volume of 2 5 cc by the method of Stotz (8) for quantitative estimation 
of cytochiome c m tissues No mcrease m rate of oxygen uptake occurred 
when this concentrate was added to phenylenediamme and a cytochrome 
oxidase preparation from labbit kidney cortex On the othei hand, the 
rate of oxygen uptake by the test system was mci eased 50 per cent upon 
addition of 0 2 mg of cytochrome c- Thus if cytochiome c is present m 
the bacterial extracts, it is as a mmoi component 

Effect of Cyanide on Succinate Oxidation by Whole Oiganisms and by 
Cytochrome b-Conlaining Extacts — Fupta and Kodama (5) noted that the 
lespiiation of suspensions of diphtheria bacilli was only 20 per cent mhibited 
by cyamde With, fresh suspensions of whole organisms harvested between 

pH 6 5 and 7 5, w e have obseiwed as high as 30 to 40 pei cent mhibition of 
succmate, glucose, and lactate oxidation by 2 5 X 10~® m KCN If the 
pH of the culture medium uses above 7 5 duimg growth, bacterial suspen- 
sions oxidize succinate somew^hat less rapidly and are less sensitive to cyanide 
Bacterial suspensions which have been stored in the cold for a few days also 
lose that fraction of succmoxidase activity which is mhibited by cyanide 
As we have already pomted out, extracts from bacteiia disrupted by sonic 
vibration show negligible loss in activity when tested immediately for 
oxygen uptake in the presence of succinate After 30 to 40 mmutes cen- 
trifugation at 18,000 E p Ji to remove the larger cell fragments, such ex- 
tracts are stiU inhibited 10 to 20 per cent by KCN As wath whole 
organisms, a shght loss m activity occurs on standmg and the preparation 
becomes completely msensitive to cyanide inhibition withm a few days 
Extracts which have become cyamde-msensitive are very stable and retam 
their activity for weeks when stored in the cold m solution contaimng 
1 10,000 merthiolate The effect of cyanide on oxygen uptake by or- 
ganisms of the Toronto strain and fresh extracts from them is shown m 
Table IV The effect of cyanide on the oxidation of phenylenediamme b 3 ’- 
cell-fiee extracts is also shoivn in Table IV 

Fumarate and malate are oxadized by fresh bacterial suspensions at a 
slower rate than succmate and the oxidation is almost completely (>80 pei 
cent) inhibited by 2 5 X 10“* m KCN If succmate is not present m excess, 
oxygen uptake proceeds at a progressively slower rate until approximately 
0 5 mole of oxygen has been consumed per mole of substrate The oxida- 
tion then proceeds at a constant rate characteristic of fumarate or malate, 

» Prepared from beef heart by the method of Keihn and Hartree (9) 
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as shovTi in Fig 3 No oxidation of fumaiate oi malate takes place iii the 
absence of intact cells 

Properties of Diphtherial Cytochrome fc— The cjdochiome b in extracts 
from the diphtheiia bacillus is leadily autoxidizable and its autoxidation is 
unaffected by the piesence of 0 003 m KCX men succmate is added to 
diphtheiial extiacts m a Thunberg tube undei anaeiobic conditions, the 
bands of i educed cytochrome b quickty become visible m a small spectro- 
scope This 1 eduction has been followed at 560 m/i bj'^ means of small 
Thunbeig tubes designed to fit the Beckman spectiophotometer TlTien 
a final concentration of 0 025 ai sodium succmate is added to actn e e\- 

Table W 


Effect of KCN on 0; Uptake by Toronto Sltam Grown in Excess Iron 


Preparation 

Substrate 

KCX 


lohibi 

lion 




c mm 0 




moles per 1 

perms V 

per eenl 




per hr 


Whole orgamsnos 

Succmate 

0 

85 




2 5 X 10-^ 

60 5 

29 



2 5 X 10-* 

54 5 

36 

Sonic extract clarified 45 min 

<< 

0 

75 


at 18,000 R p M 


2 5 X 10-s 

66 

12 



2 5 X 10 < 

59 




2 5 X 1J-’ 

59 5 

19 5 

Same 

Phenylenedianune 

0 

17 




2 5 X 10-< 

1 

94 



2 5 X 10-’ 

0 


Extract from orgamsms of low 

€l 

0 

4 1 


Fe content clarified at 18,000 





R P 31 







*Qq values in this case are expressed per mg of bacterial N of the original suspen- 
sion of intact orgamsnis 


tracts contammg 2 mg of mtiogen pei cc m phosphate huffei at pH 7 2 
(Qo, = 160 c mm of Oo pei mg of N pei houi), 50 to 60 per cent reduction 
of cytoclirome h occurs a\ ithm a few mmutes When air is admitted to the 
tube, the mtensit3’’ of the absorption at 560 mg dimimshes, mdicating its 
autoxidation Identieal results are obtamed ivhen the same expeninent ^ 
carried out m the piesence of 0 003 ai KCN These experiments furm ^ 
strong evidence that cytochrome b is dnectly concerned m the ou a ion 
of succmate by the diphtheria bacillus It wnll be lecalled that the oxi 
tion potential of the sucemate-fumarate system lies some 40 milhvo » 
above that of cytochrome b at pH 7 (Ho = 0 00 and —0 04 volts res? 
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tuely, Ball (10)) Ifc is not suipiismg, theiefoie, that leduction of cyto- 
clnome b bj’’ succinate is not complete In this connection it is of inteiest 
that oxidation of succinate by cytochiome h-containmg extiacts always 
pioceeds it a much fastei late dining the fiist fei\ mmutes aftei addmg 
the substiate to the enzjmie piepaiation The rate then slows doun and 
becomes lelatively constant Piesumably, as fumaiate is foimed, the 



Fig 3 Effect of KCN on oxygen consumption by diphtheria bacilli of high Fe con 
tent Total volume per vessel, 2 0 cc , sodium succinate 6H.0, 2 0 mg , fumarate or 
malate, 0 025 ii, phosphate buffer pH 7 3, 0 1 m, KCN, 0 0025 m, temperature 36 5° 

oxidation potential of the substiate is raised, thereby leducmg the efficiency 
of the catalyst 

At least a portion of the cytochrome b in some extracts of diphthena 
bacilli appears to be bound to large molecular components If extracts 
which have been clarified by centrifugation at 18,000 n p ii foi 30 mmutes 
are sedimented for an additional 2 hours at this speed m the refrigerated 
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ultracentiifuge, about 70 per cent of the cytochrome b accumulates as a 
led button at the bottom of the tube The sedimented material also pos 
sesses about 70 pei cent of the succmoxidase activity, mdicatmg thatno 
sepal ation of succmdehydrogenase from cytochrome b is achieved by this 
dilfeiential centnfugation The Qo, of the sedimented succmoxidase is 
appioximately tv ice that remaining m the cleai supernatant It seems not 
unhkely that a pait of the cytochiome b is made soluble by some treatment, 
as weie the cytochiome oxidase pieparations of Haas (11) tieated mth 
ultiasonic vibi ation 


Table V 


Effect of Inhibitors on Succinate Oxidation by Cytochrome b Containing Extracts 
Succinate concentration 0 02 ji in each case 


Inhibitor 

Concentration 

Oo 

Inhibition 


moUs per 1 

c mm Oi per ms iV per hr 

per cent 

None 


152 


KCN 

2 5 X 10-^ 

144 

5 

None 


160 


Malonate 

0 025 

52 5 

74 


0 1 

7 7 

95 

None 


160 


Arsenite 

10-® 

156 

2 5 


10-2 

136 

15 

None (pH 6 1) 


51 



ms per 1 


i 

Naphthoquinone 

1 

58 



10 

54 5 



100 

51 

0 

None (pH 7 2) 


171 


Naphthoquinone 

1 

172 

0 


10 

171 

0 


100 

172 

0 


In Table V is summaiized the effect of various mhibitois on the cell-free 
diphtheiial succmoxidase system As inth mammahan succmoxidase 
pieparations, malonate is a poweiful inhibitor Aisemte causes shght m 
hibition m 0 01 xi concentration, x\ lule potassium cyamde and the hydrox) 
naphthoquinone, SN 5949,® aie -nathout effect on the rate of succina e 
oxidation The failure of compound SN 5949 to mhibit sucemate oxi a ion 
IS of particulai mterest, smee Ball and his associates (12) have 
shown that the heart muscle succmoxidase system is completely m i 

2 We are greatly indebted to Dr Erie G Ball of Harvard Medical 
sending us a generous sample of compound SN 5949, 2-hydrox'y 3-0? mo 

naphthoqmnone 






PAPPENHElaiEB AND HENDED 


711 


by tlus substance at concentrations as low as 3 X 10-® m and that the m- 
hibitoi acts at a point just below cytochiome c in the chain of respiratory 
enzymes Its failuie to inhibit the diphtheiial succinoxidase system fui- 
nishes additional evidence that some mteimediate enz 3 rme hnking cyto- 
chiomes b and c is acted upon, as vas suggested by Ball et al (12) 

Effect of h on on Cytochi omc Oxidase Pi oduction — -Despite oui failure to 
demonstiate cytocluome c m extiacts fiom the diphtheria bacillus, it seems 
hkely that this component is piesent m small amounts At any late, fresh 
cell-free extracts aie capable of slowly oxidizmg hydroqumone and phenyl- 
enediamine at a rate equivalent to that fraction of the succmoxidase activ- 
ity which IS inhibited by cyamde (see Table IV) The enzyme system con- 
cerned m phenylenediamme oxidation is completely inhibited by 0 0025 
M KCN Its pi oduction is increased with incieasmg iron concentiation 
m the culture medium, as aie catalase and cytochrome b The system is 
labile and is associated to a laige extent with the heavier cell fragments, as 
IS mammahan cytochrome oxidase Addition of c 3 dochrome c to the prep- 
aration results in a slight but definite increase m Qq (10 to 20 per cent) 
Neither phenylenediamme nor hydioqumone is oxidized by intact diph- 
theria bacilh, piesuraably because the cell is impermeable to these 
substrates 


DISCUSSION 

In the pievious paper (1) it was shoun that diphtheria bacilh grown on 
media containmg an excess of non have a cellular iron content about 5 times 
greater than that of organisms gioun imder conditions most favorable for 
toxm production Moreover, the amount of highly specific toxic protem 
Avhich fails to be excreted by the cells is equivalent to the iron added It 
may be expected, therefore, that the proposed toxin-containmg non enzyme 
Avill be the majoi respiratory pigment of cells of high iron content The 
present studies have demonstrated that the major iron poiph 3 nin-contain- 
mg pigment of the diphtherial cell is spectioscopically related to cytochrome 
b, as mdeed was first shoivn in 1934 by Fujita and Kodama (5) The ex- 
tmction coefficient of pure cytochiome b is not knovn and it is therefore 
impossible at this time to demonstrate that the mciease m cytochrome b 
content of the cells is equivalent to the iron taken up and the toxm Avhich 
fails to appear m the supernatant Nevertheless, comparison of the change 
m absorption by diphtherial extracts of mcreasmg iron content at 560 m/x, 
folloiAong reduction ivith hydrosulfite, iinth the change m absorption of pure 
cytochiome c at 550 m/i, foUowmg reduction, suggests that the cytochrome 
b content of diphtheria bacilh is of an order of magnitude equivalent to their 
iron content Our results thus lead us to the tentatnm conclusion that 
diphtherial cytochrome 5 is a pigment composed of iron, porphyrin, and 
diphthena toxm 
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K the above conclusion is indeed the correct one, it seems logical to 
assume that diphtheiia toxm mterfeies in some manner vuth the functioning 
of cytochrome b or some closely related enzyme m the tissues of susceptible 
animals A piopei undeistandmg of the role of cytochiome b m mam- 
mahan tissue lespuation theiefoie becomes of considerable significance m 
this connection The fimction of cytochrome b is stiU an unsettled ques- 
tion Neveitheless, there is a good deal of evidence that cytochrome 6 
is concerned m the oxidation of succinate by heart muscle preparations, in 
which it may”^ serve as a hnk between succmdehydiogenase and the cyto- 
chiome c-cytochiome oxidase system (Keihn and Hartiee (6), Ball et al 
(12), Stotz (13)) There is no evidence, at present, that manunahan tissue 
preparations contammg cytochrome b can oxidize succmate in the absence 
of cytochrome c and cytochrome oxidase imless some other catalyst such as 
methylene blue is added Nor has any separation of succmdehy drogenase 
fiom cytochiome b been effected 

The succmoxidase system of the drphtheiia bacillus differs in seieral 
important respects from that of heart muscle Cytochiome b is the major 
cytochrome component present The spectral bands of diphtherial c}do- 
chiome b he 3 to 4 mjr to the left of those foimd m heart muscle, and the 
bacterial pigment appears to be more rapidly autoxidrzable than that from 
animal sources The most strikmg difference between the diphthenal 
succmoxidase system and that of heart muscle, however, is the relative 
msensitivity of the former sy^stem to inhibition by' cyanide and thehy'droxy- 
naphthoquinone, SN 5949 Both of these inhibitors have been shown to act 
at pomts w'hich he abo^ e cytochiome b m the respiratory' cham The rate 
of oxidation of succmate by' cyamde-msensitive extracts is roughly pro- 
portional to then cytochrome b content, as estimated from the change m 
mtensity of then absorption at 560 mji foUowmg reduction with sodium 
hydiosulfite It seems probable, fiom tire e\adeuce presented, that cyto- 
chrome b IS the himtmg factor m succmate oxidation by' cyamde-msensitit e 
cell-free diphtherial extracts 

In contiast to succmate, the oxidation of fumarate and malate is more 
than 80 pei cent mhibited by' cyamde This suggests that the respiraton 
pathw'ay is chffeient for these latter substrates and does not mAohe cy'to- 

chrome b r i th 

Cell-free extiacts from sonically disrupted diphtheria bacilli of o 

high and low iron content yield only traces of precipitate w'hen tea 
against a rabbit antitoxic precipitatmg serum Thus 'j 

serologically different from diphthena toxm hloreover, dip 
cytochrome b is not toxic, smce only traces of toxm (less than 10 ml d 
cc ) are present m extracts from heavy suspensions of diphtheria 
either high or low' iron content This is m agreement w'lth the o sen 
of Morton and Gonzalez (14) w'ho found less than 0 1 per cent as m 
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inside diphtherial cells as in the cultuie filtrate If cytochiome b weie 
specifically piecipitated by labbit antitoxin, diiect evidence for its relation- 
ship to diphtheria toxin would be piovided Its failure to react with anti- 
toxin, how ever, does not invalidate the hypothesis, for which w'e have 
already fuinished consideiable induect evidence, that such a lelationship 
does exist Indeed it would be suiprising if incoiporation of four hemin 
gioups uito the toxin molecule would leave its immunological specificity 
unaltered In addition, it should be lecalled that cytochiome b is bound to 
the laigei moleculai components of the diphthenal cell, which might also 
bimg about a change in specificity Howevei, until some specific effect 
of toxin on cytochiome b activity m the mtoxicated animal can be demon- 
stiated, 01 cytochiome b can be dissociated into hemm and a toxic com- 
ponent, 01 a substance possessmg cytochrome b activity can be S5mthesized 
fiom hemm and diphtheria toxm, final proof of the relationship is wantmg 

smuJEuiy 

1 The effect of non on the pioduction of catalase, cytochiomes b and 
c, and cytochiome oxidase by two strams of Corynebacterium dtphthenae 
has been studied 

2 The major non porphyrm-contammg pigment of the diphtheiia bacil- 
lus IS cytochrome b Evidence is presented which suggests a possible re- 
lationship between cytochrome b and diphtheiia toxm 

3 The oxidation of succmate by cell-free extracts of the diphtheria 
bacillus has been studied The bacteiial suspension differs from the 
heait muscle succmoxidase system m its relative msensitivity to mhibition 
by cyanide and the naphthoqmnone SN 5949 

4 Cytochiome b appears to be the limitmg factor concerned in the oxi- 
dation of succmate by the cell-free bactenal extracts 
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Theie is growng evidence for the assumption that the profound biological 
effects produced by some compounds m low concentiations may be attnb- 
uted to an interaction mtli enzymes This is tine foi certain cell constit- 
uents as veil as foi to\ic compounds not evisting noimally in the body 
Seveial vitamins have been found to be pi esthetic gioups of enzj'mes and 
foi a numbei of drugs it could be demonstrated that the effect has to be 
attiibuted to then action on either the protein oi non-piotein moiety of an 
enzj'-me system Tnien it became necessaiy to study certain toxic com- 
pounds consideied as potential agents m chemical waifaie, English investi- 
gators, as stressed by Peteis and Ins associates (1) and Dixon and Needham 
(2), appi cached the pioblem based on the assumption that a piobable 
explanation for the mode of action may be the effect of these compounds on 
enzj^mes 

According to Dixon and Needham, the most poueiful and most specific 
enzyme inhibitor knoivn is the diisopiopyl fluoiophosphate (DFP) This 
compound may inhibit chohnesteiase m concentrations as lou as 1 X 10“*° 
M Although tuenty enzyme systems weie studied, none of them was 
affected except the esterases The toxic symptoms m ammals exposed to 
DFP indicate that the centi al neiwous system is affected It is kaorm. that 
all nervous tissue contains chohnesterase m high concentiations (3, 4) 
Much evidence has accumulated m support of the paramount impoitance 
of this enzj’-me for nerve conduction (5-8) The discovery of DFP offered 
an unusual tool to test tins assumption This compound inactivates cho- 
imesteiase iiieveisibly This irreversible inactivation is, houever, notan 
immediate process, as was first beheved, but lequiies a ceitain period of 
time (9, 10) Giving to this pecuhai feature of this compound, a staking 
paiallehsm has been estabhshed in neives exposed to DFP between the 
progressive irreversible inactivation of chohnesteiase and the abolition of 
conduction In view of ail these facts and since abolition of conduction is 

* The iiork described in this paper was carried out under a contract betzeen the 
hledical Division, Chemical Corps, United States Army, and Columbia University, 
and was supported by a grant from the Josiah JIacy, Jr , Foundation 
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incompatible with life, it appealed leasonable to assume that the high tox- 
icity of DFP m mvo has to be attiibuted to its effect on chohnesterase 
Mazur and Bodansky (11) showed, howevei, that ammals tieated with 
DFP could suivive in the piesence of insigmficant small concentrations and 
even m complete absence of chohnesteiase m brain This seemed then to 
indicate that the toxicity of the compound is not diiectly related to the 
effect on chohnesteiase The authois considered, mdeed, the small amounts 
found m some suivivmg ammals as fortuitous and not necessarj for 
sui vival 

In view of the fundamental questions and pimciples mvolved, and of the 
fact that all obseiwations on isolated nerves exposed to DFP are m contra 
diction to the conclusion mentioned, the problem has been leexammedand 
the results obtained are reported m this paper 

Methods 

The activity of chohnesteiase was deter mmed xvith the manometnc tech- 
nique as apphed previously (12) The different ways of prepanng the 
suspensions of the tissues aie desciibed and discussed with the results ob- 
tamed, since they foim an essential aspect of the problem mvestigated 

Results 

Rabbits w^eie used as experimental ammals The compound was always 
fieslily prepared and injected mtravenously mto the labbit's ear Mazur 
and Bodansky found that 1 mg of DFP pei kilo of labbit apphed intra- 
veneously IS lethal We are able to confirm this obseivati on If, however, 
0 3 mg of DFP per kilo is injected, the animals show^ mcieased reflex 
activity, muscle tremor , and sometimes convulsions, but most of them sur- 
vive Accoidmg to Mazur and Bodansky, only about 10 pei cent of the 
rabbits mto w'hich this dose is injected die This is m satisfactory agree- 
ment ivith om owTi obseivation that out of foity mjected rabbits, seven 
died, which is 17 5 per cent The dose of 0 3 mg per kilo may therefore e 
considered as close to the threshold which may become fatal 

Determination of Cholinestei ase in Tissue — ^If the activity of chohnestera-e 
present in neive oi muscle tissue has to be deteimmed, the tissue has to e 
gi ound wnth great care The suspension has to be completely homogeneou^ 
if a reliable quantitative evaluation of chohnesterase activity is deoire 
has been emphasized previously In case the method described by o 
and Elvehjem (13) is used, sihcate has to be added, especially to^ e 
biain tissue, smce otherwise the cell stmctuie may not be destroy e 
the activity may differ considerably m ahquot parts of the homOoC 

suspension . jje 

Previous observations have shown that the whole suspensi 
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used if the total chohnesteiase activity is to be deteimined, since only a part 
of the enzyme piesent goes into solution In all pievious investigations the 
whole suspension was theiefoie used whenevei the question of the total 
enzyme activity" was involved A fen expeiiments were earned out agam 
m 01 del to test the distiibution of the enzyme between precipitate and 
supernatant fluid 

A vaiiet}" of neive and muscle tissue of cat, labbit, lat, and fiog was 
ground m the homogemzei desciibed by Pottei and Elvehjem (13), the sus- 
pension was centiifuged, and the enzyme activity was deteimmed sepa- 
lately in the piecipitate and m the supernatant Usually 80 to 90 pei cent 
of the enzyme was found m the piecipitate The supernatant had neghgi- 
ble and sometimes even no enzyme activity In only one case, 42 per cent 
of the enzj^me activity was found m the supernatant 

The method of homogemzation described by Pottei and Elvehjem is most 
useful foi prepaiations of small amounts of tissue up to about 0 5 gm If a 
suspension of seveial gm of tissue has to be prepaied, the use of the Warmg 
blendor appeal s to be preferable Extraction by this method seems to yield 
higher amounts of enzyme m the supernatant than by that of Pottei and 
Elvehjem About 35 to 45 pei cent of the whole suspension prepared from 
rabbit brain and muscle was found m the supernatant But as this is still 
less than half of the total enzyme activity, this method too reqmres use of 
the whole suspension when the question of the total enzyme activity present 
m a tissue is investigated 

Chohnesteiase in Normal Rabbit Siam — The concentration of chohn- 
esterase varies considerably m the different parts of the brain and in the 
different species But it is remaikably constant foi each species and for 
each bram section It appeared piefeiable to determme the activity m 
small fragments of the biam for two reasons Fust, m this way, seieial 
controls are possible m a smgle experiment A second consideration is still 
more important Previous obseivations have shoivn that aftei exposuie to 
DFP small amounts of the compound are always present m the tissue If 
a piece of tissue after exposure to DFP, oi taken from an animal to winch 
the compound has been injected, is giound in a chohnesterase solution, an 
inhibition is obseived which depends on a variet}’- of factois like weight of 
the tissue, amount of DFP used, length of exposure, etc (9, 14) This 
inhibition has always to be taken mto account If the activity of chohn- 
esteiase m a tissue aftei exposuie to DFP is determmed, a parallel detei- 
mmation of the percentage inhibition due to the DFP still present and 
active has to be earned out on a coriespondmg piece of tissue of equal weight 
in Older to coiiect the value obtained Independently of any theoretical 
mteipretation of the potential activity m the hvmg tissue, it is obvious that 
the DFP present ivill inhibit the enzyme activity whether a solution con- 
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taming the enzyme is added oi whethei the enzyme is present in the tissue 
ground but was not previously inactivated by the DPP The coiTectioa 
for the mhibition by the retamed DFP is theiefoie a necessity foi the coirect 
estimation of the enzyme activity It is obviously desirable to keep this 
inhibition at a low level The smaller the amount of tissue used, the 
smaller -will be the correction Moreover, since the DFP has a high lipide 
solubility, a greater retention of the compound m the myehn appears prob- 
able and the use of gray matter therefore preferable 

Table I 


Cholinesterase Activity in. Brain Tissue of Normal Babbits 


Cortex 

Nucleus caudatus 

Weight 

Acetylcholine split 

Weight used 

Acetylcholine split 

mg 

mg per gm per hr 

mg 

m fertm per hr 

58 

0 

4Q 

0 

II 5 

283 

53 

0 

46 

5 

11 4 

258 

52 

0 

54 

0 

11 6 

420 

58 

8 

53 

0 

11 0 

390 

57 

3 

33 

8 

10 7 

322 

56 

3 

39 

5 

10 6 

328 

53 

4 

36 

5 

10 0 

238 

53 

7 

52 

0 

11 5 

366 

52 

3 

44 

8 

12 5 

302 

57 

0 

39 

0 

11 6 

396 

53 

8 

59 

0 

12 3 

236 

58 

5 

32 

0 

11 5 

255 

57 

5 

46 

5 

10 5 

300 

54 

3 

33 

2 

9 4 

237 

54 

5 

55 

5 

13 1 

389 





13 9 

330 

Average 

45 0 1 


315 0 


Two sections of the biam iieie used m order to test the cholinesterase 
activity m the normal rabbit brain, the cortex and the nucleus caudatus 
Both sections are easily obtained and well defined The nucleus caudatus, 
moreover, has the advantage of having an unusually high concentiation o 
cholmesteiase (3) The data obtained aie summanzed in Table I ® 
average value foi the cortex is 45 mg of acetylchohne spht pei gm ^ 

The average value for the nucleus caudatus is 315 6 mg of acety con 
split per gm per hour 

Effect of DFP Injection on Brain Cholinesterase— In a fen experi < 
1 mg of DPP per kilo was mjected The animals died mthin 1 to 
utes In this case, the enzyme activity tested was zero or close o 
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The cholinesteiasc activitj^ ^\'ls also detei mined m a few animals m which 
0 3 mg of DFP pel kilo was injected and w'hich died In these cases, the 
cholinesten&e coiicenli ation was always found to be very low, 2 to 4 per 
( ent of the initial value at most 

If, how ever, the animals sui vived the injection of 0 3 mg of DFP, chohn- 
esteiase was alwajs found to be present in consideiable amounts, although 
the peicentage varied o^el a wide lange This is not suipiising in such 
t 3 ^pcs of e\peiiments in which so many factois aie mvolved ivlnch may vary 
fiom one indnidual to the othei The data obtained aie summarized in 
Table II The lowest values weie about 10 pei cent of the noimal average, 


Table II 

Cholinesterase Activity in Brain Tissue of Rabbits Killed 25 Minutes after Injection 

of 0 3 Mg of DFP per Kilo 



Cortex 

Nucleus caudatus 

Experiment No 

Weight used 

Acetjlcholjne spJit 

Weight used 

AcetyJchoJjjje split 


Uncorrected 

Corrected 

Uncorrected 

Corrected 


tng 

mg per gm 
per hr 

mg per gm 
per hr 

mg 

mg per gm 
per hr 

ms persm 
per hr 

1 

91 0 

9 5 

13 7 




2 

84 4 

5 8 

7 5 




3 

83 S 

13 0 

22 5 


82 0 

82 0 

4 

76 0 

85 

11 4 

39 5 

45 0 

55 0 

5 

78 2 

3 6 

4 6 

39 8 

38 0 

55 0 

6 

87 5 

8 5 

12 1 




7 

91 0 

7 1 

11 8 

41 0 

53 5 

117 5 

S 

90 6 

5 6 

7 9 

28 8 

25 1 

33 7 

9 




36 6 

45 0 

79 0 

10 

84 0 

13 4 

23 3 




11 

82 2 

3 5 

4 5 




Average 

% of normal average 


11 9 

28 4 



70 4 

22 3 


but a few^ weie close to 50 pei cent The aveiage value of ten e\peiiments 
with the coitev is 26 4 pei cent of the noimal average and m those expeii- 
ments w ith the nucleus caudatus, 22 3 pei cent of the normal avei age 
In all ev-peiiments, a shce of biam taken from the same section and of a 
weight equal to that used foi chohnesterase detei nunation was taken foi 
the detei mmation of the peicentage inhibition of chohnesterase by the 
DFP 1 etamed The piece of tissue w as gi ound in a solution of bram esterase 
and, in this w^ay, the peicentage inhibition w'as obtamed The mlnbition 
was not high, usually less than 30 pei cent but vaiied from 20 to 40 per cent 
The figures given in Table I aie alieady collected for this inhibition 
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Since Mazui and BodansU had obtained then lesults using the whole 
biam, It appealed inteiestmg to compaie the data obtained b}- the two 
methods Fovn evpeiiments neie earned out with the whole brain The 
amount of acetylcholine split pei gm pei horn m the four experiments n as 
lathei constantly 1 5 to 2 mg m the supernatant and 3 5 to 4 mg m the 
whole suspension This amounts to only 3 to 5 pei cent of the norma! 
activity One possible explanation of these lowei values may be a greatei 
inhibition due to the laigei amounts used and the largei piopoition of m 3 ''e- 
Im pieaent in the whole biam than m thin slices of coi te\ oi nucleus 
caudatiis 


t^ble nr 

Retention of DtP in Rabbit Biam Following Ingeclioti of DFP, 0 3 Mg per Kilo 
Two corresponding pieces of brain tissue of the right and left hemisphere were 
ground, one in a cholinesterase solution prepared from rabbit brain, the other in 
Ringer’s solution The decrease of the CO: output indicates the inhibition bj the 
DFP retained in the tissue 



1 


1 CO: output 

Inbibitioo 

Tissue 

J Weight 

( 

j ifedUiim of grinding 

[ 



Observed 

Corrected 



f»S 


c mm per 
hr 

€ mm per 
hr 

fer itnl 

Test solution 


1 

461 0 

461 0 


Midbrain 

226 

Ringer’s solution 

87 0 


48 5 

*< 1 

215 

Test solution 

324 0 

237 0 

Cerebral hemisphere 

189 0 

Ringer’s solution 

45 0 

1 

79 0 

tt 

180 0 

Test solution 

142 0 

97 0 

Test solution 



485 0 

1 485 0 


h'lidbrain 

216 

Ringer’s solution 

48 0 


43 0 

tl 

207 

Test solution 

326 0 

277 5 

Cerebral hemisphere 

213 

Ringer’s solution j 

47 5 

198 5 

59 0 

il if 

219 

Test solution ' 

246 0 


Two expeiiments weie peifoimed to test the inhibition by laigei amounts 
of biam tissue with the same piopoition of fluid as m the expeiiments wnt i 
the whole biam Coiiespondmg pieces of the biam weie ground either m 
Ringei ’s 01 m the test solution for the calculation of the inhibition 'e 
chohnesterase activity still present m the biam as found in the 
solution has to be subti acted fiom the COo output observed ivith t e es^ 
solution m which the othei pieces of brain tissue w'eie giound 
of the ceiebial hemispheie weie used with a consideiable amount o 
mattei attached and twm pieces contaimng the corpora 
some adjoming tissue The i esults aie given m Table III T e a a 
cate that the inhibition bj the DFP letamed is higher than t la 
when smallei amounts of tissue and onlv giav mattei aie use 
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DISCUSSION 

The expeumeuts show, m agieement with pievious obseivations (11), 
that injection of 1 mg of DFP pei kilo into a labbit lesults in death nithin 
a fen minutes In these animals the chohnesteiase of the biain tissue is 
completely inactivated At the thieshold dose of 0 3 mg of DFP pei kilo, 
negligible amounts of tholmesteiase oi none is found in the biain of those 
animals which die But in the biam of the suivicmg labbits, chohnesteiase 
lb alwaj'b piesent The coucentiation may be as low as 10 pei cent of the 
imtiai, but the ai eiage is close to 25 pei cent 

It has been established, in a gieat vaiiety of expeiiments, that neive con- 
duction IS insepaiably associated wnth cholmesteiase activity The expeii- 
ments lepoited heie do not coiielate diiectly cholinesterase activity and 
conduction as did the pievious obseivations, but they show that the enzyme 
has a vital rdle m the function of the cential neivous system and that its 
inactivation is incompatible with life Not m a single animal which sur- 
vived w'as the chohnesteiase in the biam found to be absent If it weie 
possible for the ammal to suivive m complete absence of chohnesteiase, it 
would be difficult to maintain the proposed idle of acetylcholine m conduc- 
tion, since life wuthout conduction is impossible The death lesultmg fiom 
mjection of such small amounts of the compound has to be attiibuted to 
this specific and poweiful action, since absence of the enzyme activity coin- 
cides always with death In view of its lugh specificity the DFP effect is an 
excellent illustration of the idea so vigorously piomoted and demonstiated 
by Peteis, viz, that the effects of substances actmg m veiy low concentra- 
tions may be often referred to an action on a single enzyme and that a 
complex biological effect may be traced to a particulai and well defined 
chemical lesion 

Our data disagree with the observation of Mazui and Bodansky (11) that 
ammals may survive in complete absence of chohnesteiase and then con- 
clusion that the presence of cholmesteiase is foituitous The discrepancy 
IS appaiently due to the difference of the methods used One possible 
factoi m explainmg the highei values obtained if only small amounts of 
tissue aie used is a smallei inhibition by the DFP letamed m the tissue 
The smallei the amount of tissue used pei vessel, the smallei will be the 
DFP concentration and the higbei the activity actually obseived Moie- 
ovei, the DFP may be letained m hzghei concentiations m sections rich 
m myelin and, if the wffiole brain is used, a stronger depiession of the activiti 
may result Another factoi w'hich may contiibute to the discrepancy, at 
least in some cases, is the use of supeinatant fluids for the deteimination of 
the enzyme activity 

The necessity of cholmesteiase has also been questioned by Rikei and 
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A SPECIFIC COLOR REACTION FOR GLUCURONIC ACID-* 
By ZACHARIAS DISCHE 

(From the Department of Btochemtstry, College of Physicians and 
Surgeons, Columbia University, New York) 

(Received for publication, June 25, 1947) 

The piesent leport deals wth a specific coloi leaction of glucuronic acid 
which can be used foi the tentative identification in polyuronides This 
leaction seems to be higlily chaiacteiistic foi glucuiomc acid It represents 
a specific foim of a new geneial leaction of carbohydrates with SH com 
pounds in H 2 S 04 which diffeientiates various classes of caihohydrate 
(methylpentoses, pentoses, hexoses, hexuromc acids) and individual he\ose° 
and hexiuomc acids ^ ® 

EXPEHIMENTAL 

Reaction of Glucuiomc Acid with Thioglycohc Acid in Presence 
of Mannose, Simple Qualitative Test 

Proceduie — 0 2 cc of a 0 2 pei cent solution of mannose is added to 0 8 
cc of a solution contaimng 0 02 to 0 04 pei cent glucuromc acid To this 
mixtuie are added with coohng m ice watei and shaking 4 5 cc of a watei- 
sulfuiic acid mixtuie piepaied by mixmg 6 volumes of concentrated HjSOi 
with 1 volume of H 2 O Aftei 2 mmutes m ice water the leaction mixture is 
placed in water of 20-25° and later for 3 mmutes m boilmg watei It is 
then cooled to 100 m tempeiatuie and 0 1 cc of a 2 5 per cent solution of 
thioglycohc acid (commercial pieparation, solution prepared eveiy few days 
and kept on ice) is added The mixtuie is shaken thoioughly and left at 
room temperature for 20 to 24 hours A deep pink coloi develops The 
blank prepared with a rmxtuie of 0 2 cc of the mannose solution and 0 8 
cc of H 2 O shows a gieemsh yellow color 

Two Components of Coloi Reaction and Then Specificity — The coloi reaction 
of glucuromc acid is the sum of two diffeient leactions (1) a leaetion of 
glucuromc acid ivith thioglycohc acid alone and (2) a leaction in which all 
three leactants, mannose, thioglycohc acid, and glucuiomc acid, paiticipate 
The fiist will be called the thioglycohc acid reaction, the second the man- 
nose-thioglycoho acid leaction, designated by the abbreviations ThR and 
MThR respec, lively 

ThR can Xie observed separatelj by addmg 0 2 cc of H 2 O mstead of 
mannose smution to 0 8 cc of the solution of glucuromc acid and treatmg 

* Tbi work nas supported by a griint of the Conner Foundation, Inc , Cancer 
Resear'i^ plmsion 

1 Din Z , Federation Proc , 6, 248 (1947) 
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the sample m the same way as desciibed above The corresponding blank 
contains 1 cc of watei TJndei these conditions glucmonic acid shows a 
brovvm-red color in lower concentration and a puie biomi at 0 04 per cent 
These colors are not chaiacteiistic for glucniomc but for hexuiomc acids in 
general Pentoses show an intensive pmli, methylpentoses a green-yellow, 
and glucose and galactose a green and green-blue color respectively The 
pmk color observed in the piesence of an excess of mannose, however, due 
to MThE,, IS completely specific for glucuiomc acid and polyglucuromdes 
Galactmomc, pectic, and algmic acids and pneumococcus polysacchande 
type I all show a non-characteristic brown coloi , and tme sugars do not 
react with mannose at all On the othei hand not only mannose but all 
other hexoses leact with glucuromc and thioglycohc acids with formation 
of a pmk-colored product These reactions, how ever, are not as specific 
as that with mannose 


Spectropholomet} ic Test for Gluciaomc Acid 

Procedure for Measurement of Absorption Due to MThR — In biological 
materials, we find in general glucmomCjacid simultaneously with consider 
able amounts of true sugais If the sunple proceduxe descnbed above is 
applied, the pink color of the ThU of pentoses may be mistaken for the 
MThR of glucuromc acid Furthermore, when glucuromc acid is present 
m solution with a large excess of other hexiiromc acids, the pmk color of 
MThR may be co vexed by the intense brown color produced by the other 
compounds In these cases, howevei, glucuronic acid still can be detected 
by spectrophotometnc measurement of the intensity of MThR and with a 
shgbtly more elaboiate procedure winch consists of carrymg out the reaction 
on two samples of the unknoivn solution (1) in the presence of mannose 
(MThR sample) and (2) m the absence of mannose (ThR sample) The 
absorption in the MThR sample gives the sum of the absorption due to 
MThR plus ThR (measured agamst a coirespondm^ blank containing man 
nose) , that m the ThR sample gives the absorption tl^ue to ThR (measure 
agamst a blank contaimng HiO only) The diffeience betw’een the two 
gives the absorption due to MThR alone This valucovill not, m genera , 
be influenced by tine sugars ) „ , 

Absorption Spectra for AIThR of Vanous Hexxironifi « of 

uionides- ® — In Fig 1 are recoided the absorption spo^ra o i 

" I am greatly indebted to Dr Karl Meyer for preparations gymo 

chondroitinsulfuric acids, to Dr Michael Heidelberger for preparatyns 
coccus polysaccharides, and to Dr Leonard Cretcher for a preparav^ 

acid Vyaiuronic, 

J The content in hexuromc acids of the preparations of galactur , 
and chondroitinsulfuric acids was detemained by the modification o 
and his colleagues of the Lef^vre-Tollens method, that of pneumococ , 
chandes by titration 
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gluciuoiuc, g il ictuioiuc, hyaliu onic, cliondi oitinsulfunc, pectic, and alguuc 
icidb ukI of pneumococcus polysacchaude type I The concentiatiou of 

il? 



^So M6Q ‘i7o -^80 ^3o Soo S-io S 20 Sio SHo 


Fig 1 Absorption spectra of MThR of some hexuronic acids and pol> uronides 
Curve I galacturonic acid, Curve II glucuronic acid, Curve III pneumococcus poh- 
saccharide type I, Curve IV pectic acid. Curve V alginic acid, Curve VI hyaluronic 
acid. Curve VII ohondroitmsulfuric acid Wave lengths in millimicrons (mu) 

the solutions "ns 0 01 pei cent hexuiomc acids and equiialent for the 
polyui onide'j All spectra were measured m a Beckman spectrophotometer 
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As can be seen, the pmk coloi given by the glucuronic acid is due to a 
steep use of the absoiption starting at 5000A and reaching a maxmium at 
5400 A The cm ves foi hyalui onic and chondi oitinsulfui ic acids are almost 
identical in shape nith that of glucuionic acid, though the absolute values 
foi absoiption are somewhat smaller for chondi oitinsuKuric acid Tlus 
may be due to the fact that not all of the hexui omc acid in this polyuronide 
IS glucuionic acid 


Table I 

Extinction Coefficients at iSOO, 5100, and 6300 A and Their Differences for MThR of 
Hexuromc Acids and Polyuronides 

Readings after 22 hours, concentration of each he\uronic acid in solution 001 
per cent 


Expen 

raent 

No 

Substance 


Esiot) 

•Ssuo 

Esioa — Eimo 

EiiS9 — Eiii) 

I 

Glucuronic acid 



0 210 

+0 068 

+0 ISO 


Alginic acid 


Hi 

0 110 

-0 017 

+0 020 


Glucuronic + alginic acid 


0 105 

0 285 

+0 040 

+0 220 

II 

Glucuronic acid 


0 180 

0 310 

+0 120 

'4"0 2i)0 


Galacturomc acid 


0 055 

0 080 


+0 025 


Glucuronic plus galactu- 


0 170 

0 365 


+0 310 


ronie acid 






III 

Glucuronic acid 

0 015 

0 120 

0 270 

+0 105 

+0 2b5 


Hyaluronic “ , 

0 025 1 

mm 

0 245 

+0 095 

+0 220 


Chondroitinaulfuric aud 


nm 

0 225 

+0 080 

+0 190 


Alginic acid 


0 260 

0 300 

-0 020 

+0 020 

IV 

I Glucuronic acid 



0 240 


-{■O 155 


Pectic acid 


0 035 

0 065 




Pneumococcus polysac- 

iniM 

0 075 

0 130 




charide type I 







Alginic acid 

mm 

0 060 

0 115 



V 

Glucuronic acid 

Hi 






Galacturomc acid 

Bn 




u 


Alginic acid 

0 137 


IB 



4*0 001 


The absoiption cuives foi the other hexui onides ai\d galacturomc acid 
are completely diffeient They shon a flat mimmum, between 5 
5100 A 

Absoiption Increment between Two Wave-Lengths As Test for Glue 
Acid — ^The chaiacteristic differences m the shape of thu absoijptioD 
between glucuiomc acid and polj'glucuiomdes, on the onh ban , 
hexuromc acids and corresponding polyuiomdes, on the i^t er, 
detection of glucuionic acid, fiee oi conjugated, m presence o an 
other hexui omc acids For this piupose we have only to T(masi 
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teubitj of MThR of the solution at 5100 and 4800 A and subtiact the second 
value fiom the fust This diffeience will be designated A£^sioo- 48 oo As 
c m be seen fiom Table I this diffeience is positive for glucuronic acid and 
pol 3 "glucuionides and negative foi the other he'aiiomc acids Any positive 
value of AE 5100 - isoo m an unknown solution indicates the piesence of glu- 
cuionic acid Positive values will be obtained even when glucuronic acid 
IS piesent with a consideiable excess of othei hexuionic acids, because the 
negative v'^alues of A^lsioo-isoo of othei hexuionic acids aie much smallei 
than the positive values foi equivalent amounts of glucuiomc acid 

If the puipose of the test is to exclude the piesence of glucuiomc acid m 
solution, it seems moie convenient to deteimme the difference AEi^oo - isoo 
Table I shows this diffeience to be +0 012 foi galacturomc acid (aveiage of 
tiv'o deteiminations) and foi algimc acid (average of foui deteiminations) 
and zero foi pectic acid (one deterrmnation) If AA’ssoo-isoo is not laigei 
than 0 012, it can be assumed that no sigmficant amounts of glucui omc 
acid aie piesent in the solution 

Influence of Hexmomc Acids and True Sugais on MThR of Glucuiomc 
Acids — ^When the concentration of every one of the hexoiiomc acids in solu- 
tion does not exceed 0 01 pei cent, Aifewo - isoo and AEmi - isoo show no 
sigmficant deviations fiom the additive behavior When, howevei, the 
concentiation of galacturomc or mannuiomc acid exceeds that hmit, the 
intensity of MThR of glucuiomc acid is deci eased and the test becomes less 
sensitive It is therefoie practical to woik with solutions contaimng no 
more than about 0 01 pei cent of total uiomc acids 

Tioie sugars also influence the intensity of MThR when then concentia- 
tion exceeds certain hmits, at 0 005 per cent galactose and aiabinose are 
without influence, but glucose deci eases MThR by about 20 pei cent The 
influence of glucose disappears at 0 002 per cent A simple proceduie foi 
deteimimng whethei the concentiation of hexoses m solution does not ex- 
ceed this limit IS the following Emo — E 4 S 00 is negative foi the ThR of all 
hexuiomc acids When hexoses aie piesent, the value of this diffeience is 
shifted toivaids the positive side If after the addition of 0 01 cc of glu- 
cuiomc acid to the unknown solution, Emoo — E 4800 of the ThR is not above 
zeio, the concentiation of hexoses in the solution is not high enough to in- 
fluence MThR of glucuromc acid 

DISCUSSION 

The validity of prehminaiy identifications based on coloi leaction always 
wall appeal subject to ceitain linutations One of them is due in our case 
to the fact that the natuie and mechamsm of the reaction aie unknown 
It IS, theiefore, impossible to predict whethei certain hexairomc 01 5-keto- 
hexomc acids 01 lelated compounds, so far not investigated, maj not give 
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CYSTINE NCTMTION OF BACTERIA 


Since the cultuies of Lactobacillus arahinosus 17-5 which were available 
did not lequne cystine, the possibility of developing an assay method for 
cystine appeal ed to need fui thei investigation A number of the previously 
mentioned oiganisms weie selected to test their lequirements for cystine 
This necessitated the development of suitable media adequate for the or- 
ganism used, yet fiee from this ammo acid 
Attempts A\ ei e also made to test the ability of a number of orgamc and 
inoiganic sultiii -containing compounds to leplace cystme m the media for 
oiganisms vhich lequiie cystine Pievious woik had mdicated that heat 
treatment alters the availability of cystme foi bacteiia, the effect upon the 
compounds tested of steiilization by'’ autoclaving as compared to filtration 
Mas accordingly detei mined 


EXPERIMENTAL. 

Miaooigamsms — Eight miciooiganisms were used m these es.peiiments 
Lactobacillus ambinosus 17-5, L fennenh 36, L casei e, L pentosus, L del- 
brucch ti LD-3, L delb) itecl ti LD-5, Streptococcus faecahs R, and Leuconostoc 
mesenterotdes PD-00 The following pi oceduie m as used in the preparation 
of all inocula The oiigmal cultuies of the oigamsms veie maintained 
in the foim of lyopluhzed cultuies as described by Ny'mon, Guiisalus, and 
Goitnei (11) All of the oiganisms used in this study have been found to 
be viable after a yeai of storage in this mannei Stock cultures were 
earned by iveelcly tianstei to stabs contammg a nutrient -rich medium (pep- 
tone 1 pel cent, Difco-soluble yeast e\tiact 0 5 pei cent, glucose 2 pei cent, 
vitamins B 2 ml pei cent,^ Salts B 0 5 ml pei cent,^ sodium acetate 1 per 
cent, potassium phosphate (dibasic) 0 5 ml pei cent,^ and agai 2 per cent) 
A small amount of the mateiial fiom the stab cultures M'as incubated for 12 
hours at 37° in 10 ml of a medium of the same composition (agai omitte ) 
The cells m eie centrifuged and lesuspended m 50 ml of 0 9 per cent saline 
pi 101 to inoculation of the tubes 

Media — ^In an attempt to obtam a medium free fiom cystme, t lee 
souices of ammo acids M'ere used (1) crystalline ammo acids (syn e ic 
amino acids weie used M'heiever possible to avoid possible cystine contain 
mation), (2) an acid hydiolysate of casein oxidized Mith hydrogen ^ 
(12, 13), and (3) peptone oxidized with hydiogen peroxide (14) 
been found previously that an acid hydrolysate of casein, such as ^ co^^ 
monly used foi tryptophan assay, was not low enough m cystme con 
peimit its use for assay pui poses In othei respects, the media 
to those previously used (12) The composition of the media ^ 
method of designation used to lefei to the various componen o 
IS presented in Table I ^ ^ 

1 For concentrations of the stock solutions see Riesen, Schueigert, and 
( 12 ) 
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Table I 

Coiiipostlion of Basal Media* 


Ammo acids mg per liter 


j 

s 

C 

p 

Void hydrolysate of oxidized casein (15, 16) 

Oxidized peptone (17) 

L Glutamic acid 

400 

5000 

5000 

L-Asparagine 

400 



L-Lysine monohydrochlonde monohydrate 

200 



DL-Threonine 

200 



DL-Vahne 1 

200 



DL-Isoleucine 

200 



DL-Alamne 

200 



DL-Leucine 

200 i 



DL-Phenylalanine 

100 



L-Arginine hydrochloride 

100 

1 


L-Histidine “ monohydrate 

100 



DL Methiomne 

200 

200 

200 

L-Tyroaine 

100 



DL-Tryptophan 

100 

100 

100 

DL Serine 

200 



DL-Proline 

100 

100 

100 

Glycine 

100 




Buffers, gm per liter 


i 

a 

am 

1 1 

cm 

Sodium acetate 

20 

20 

I 


“ citrate monohydrate 



25 

25 

Ammomum chloride j 


3 


3 


Salts, mg per liter 



AB 

BP 

CP 

KHPOi 

1 500 

i 

1 


K:HP04 

1 500 

5000 

5000 

IMgSOi 7H.0 

200 

200 

soo 

NaCl 

10 

10 

40 

FeSOi 7H 0 

10 

10 

40 

MnSOi 4H 0 

10 

10 

160 


* The stock solutions were prepared us described by Riesen et al (12) The basal 
media were prepared at twice the concentration of the constituents listed which 
represent the final tube concentration (total volume 2 ml ) The neutralized media 
were stored in 100 ml quantities at —1“ All basal media are referred to in the te\t 
and in the figures by the abbreviations above, e 3 , S a AB for a medium consisting 
of crystalline anuno acids, acetate buffer, and Salts A and B in addition to the re 
maining constituents of all media 
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Table/ — Concluded 


Constituents of all media mg per liter 


Adenine sulfate dihydrate 

10 

Calcium dt pantothenate 

0 5 

Guanine monohydrochloride 

10 

Riboflavin 

0 5 

dihydrate 


Nicotinic acid 

1 0 

Uracil 

10 

p-Aminobenzoic acid 

0 1 

Xanthine 

10 

Biotm 

1 7 

Thiamine monohydrochloride 

0 5 

Folic acid 

10 7 

Pyndoxamine dihydrochloride 

0 2 

Glucose 

20 gm 


Assay Piocedure — ^AU assays A\eie conducted on a semimicio scale m 
which the total tube volume was 2 ml The solutions of standaids oi of 
compounds to be tested (0, 0 1, 0 2, 0 4, 0 6, 0 8 ml ), medium (1 ml ), and 
Avatei (sufficient to make a total of 2 ml ) Aveie added w ith a Cannon auto- 
matic dispensoi - to 18 X 50 mm Pyi e\ cultui e tubes m i acks containing sl\ 
tubes per low The lacks, AAhich weie piovided with metal coveis fitted 
wuth cotton pads, wxie autoclaved foi 15 minutes at 15 pounds pressuie and 
the tubes moculated wuth 1 diop fiom the diluted salme suspension of cells 
and meubated at 37° for 3 days The acid pioduced wms titiated electio 
metiically duectly m the tubes wuth a 5 ml micio buiette equipped w'lth a 
titi ation device and a built m an stu i ei togethei w ith a qumliydi one elec 
tiode assembly 

Tieaiinent of Compounds Tested — L-Cystine (Meick) A\as used as the 
standaid foi the assays The folloivmg compounds w eie tested foi cj'stme 
activity L-cystine hydiochloiide, nn-cystme, meso-cystine, glutathione, nn 
homocystme, sodium thioglycolate, amjd meicaptan, sodium sulfide mono 
hydiate, and sodium thiosulfate pentahydrate The sulfui -con taming 
ammo acids Aveie raamtamed in stock solution at a coucenti ation of 1 mg 
pel ml undei toluene m daik bottles m the lefngeiatoi Solutions of all 
othei compounds Aveie piepaied piioi to each assay The final concentra- 
tions of the compounds tested weie such that each ml contained the same 
amount of suIfui as did 1 ml of the standaid L-cystme This permitte a 
direct comparison of the acid pioduced by the compound being tested wit i 
that produced by cystme dl Compounds iiicludmg meso-cystme were 
doubled m concenti ation, thus wlien the dl compound gives the same aci 
pioduction as L-cystme, the d isomei has no actnuty 

Measui ements wei e also made of the cystine activity of glutathione a 
it had been hydiolyzed with acid oi by enzymes Poi acid hydrolysis, 


2 Cannon, M D , et at , to be published 

’ Private commumcation with Dr P M Strong of the Depar 
of the University of Wisconsin 
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ml of a solution contammg 1 mg of glutathione per ml were autoclaved 
with 2 ml of 2 N HCl for 2 houis at 15 pounds pressure The enzyme hy- 
drolysates V ere prepared by shaking 12 8 ml of glutathione (1 mg per ml ) 
with 2 mg of Merck panel eatm, 1 mg of Wilson’s crude hog mtestmal 
mucosa, 50 ml of pH 8 6 sodium carbonate buffer, and 1 ml of toluene for 
3 days at 37° These enzyme pieparations had been tested pieviously for 
crude protemase and peptidase activity 

The compounds tested -were steiilized by autoclavmg them with the me- 
dia, or by filteiing them through smtered glass bacterial filters prior to 
aseptic dispensmg mto autoclaved media 

The effect of a reducing medium upon the activity of a number of 
the compounds tested was mvestigated by autoclavmg media with 0 5 mg 
of ascoibic acid or 0 5 mg of sodium thioglycolate added per assay tube 
The latter compound could obviously be tested only with microorgamsms 
for which it could not i eplace cystme m an otherwise complete medium 

RESULTS AND DISCUSSION 

Requirements — It can be seen from Table II that the media conta inin g 
three different sources of ammo acids were sufficiently low m cystme to per- 
mit their use m the microbiological assay of this ammo acid With cystme 
present, the oxidized peptone media gave the highest acid production with 
most organisms (see Fig 1 foi the Lactobacillus peniosus emwes) Media 
contammg an acid hydrolysate of oxidized casein gave mtermediate acid 
production, while crystallme ammo acid media gave the least It is pos- 
sible that unknown ammo acids or peptides which stimulate the growth of 
imcro organisms exist m the casein and peptone media 

Probable contammation of ammo acids with cystme is mdicated by 
higher blank titrations obtamed with synthetic media than with media 
contammg oxidized casern or peptone (Table II) Some commercial 
samples of L-leucme have been found to be contammated with methionme 
(12), and Barton- Wright (7) has reported the occurrence of cystme m com- 
mercial samples of L-tyrosme 

Table II shows the growth obtamed m terms of acid pioduction when 
cystme was omitted fiom the media for each microorganism used m this 
study Cystme was found to be required by Lactobacillus casei, L penio- 
sus, L delbrueckii 3, and Leuconostoc mesenteroides, it stimulated the growth 
of L arabinosus, L delbrueckii 5, and Streptococcus jaecalis II somewhat, 
while it proved to be unessential foi the growth of Lactobacillus fermenti 
Other woikeis have found that cystme is required m media for S faecahs 
R and L arabinosus These differences may be due to the use of media 
which are not entnely fiee of cystme, or to diffeient strams of the same or- 
ganism used m different laboratories However, smee the essential nature 



736 


CYSTINE NOTRITION OP BACTERIA 


of cystine for the four above named microoiganisms was demonstrated with 
thiee different sources of ammo acids, it would seem that differences to be 
found m the liteiature with those leported here are due to differences in the 


Table II 


L Cystine Requirement of Various Lactic Acid Bacteria* 


Organism 

Basal mediumt 

1 Titer, cystine 
omitted^ 

Concentration 
at half maximiic 
growth! 

Requirement 
a shown by others 
m literature 



nii 0 03 xNaOR 

^ y pc f tube 


L arabinosus 17-5 

S a AB 

3 10± 


-b (5-7) 


C a AB 

4 00± 




P a AB 

5 90± 



“ fermenti 36 

S a AB 

3 70- 


- (9) 


C a AB 

3 20- 




P a AB 

3 20- 



“ casei 

S c CP 

0 80-1- 

50 

-f (3) 


C c CP 

0 60-1- 

40 



P c CP 

0 65-f 

35 


“ pentosua 

S a AB 

0 35-1- 

5 



C a AB 

0 30-1- 

5 



P a AB 

0 30-1- 

4 


“ delbruecKii LD-3 

S a AB 

0 55-1- 

5 


j 

C a AB 

0 20-1- 

4 



P a AB 

0 25-1- 

4 


“ “ LD-5 

S a AB 

1 90± 




C a AB 

2 40± 




P a AB 

1 30± 


+ (10) 

Streptococcus faecalis R 

S c BP 

3 00± 



C c BP 

3 50± 




P 0 BP 

2 00± 


+ (8) 

Leuconostoc mesenteroides 

S am AB 

0 70-1- 

4 

PD-60 

C am AB 

0 35-f 

4 



P am AB 

0 40-1- 

3 



* The requirement of cystine is indicated by a (+), stimulation with (±), and 

dispensability with (— ) + 1 , ab 

t See Table I for the composition of the basal media corresponding to tnese 
breviations All media were autoclaved as usual for sterilization 
X The maximum titrations were from 4 to 7 ml , depending upon the 
the medium used The titrations of umnoeulated tubes were 0 2 ml for me a 
acetate buffer and 0 6 ml for media with citrate buffer 
§ The total tube volume was 2 ml 

stiam There is a great variation in the amount of cystme ^ 

four 01 ganisms for which it is essential L cas&i requires approxima e > 
L delbrueckii 3 approximately 4, L pentosus 4, and L mesmteroi es 
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tube for half tnaMmum giowth on the oxidized peptone medium In sev- 
eral cases, the level of cystine which produced half maximum growth was 
higher with synthetic media and oxidized casein media than those in which 
oxidized peptone was used 

Effect of Autoclaving — ^In most loutine assays, media are sterilized by 
autoclavmg them at 12 to 15 pounds pressm e foi fi om 10 to 15 mmutes, and 
most ammo acids added prior to this treatment can be recovered satisfac- 
torily Nevertheless, prelimmaiy experiments mdicated that cystine may 



MICROGRAMS u-CYSTINE; 

Fig 1 Cystme (autoclaved) standard curves obtained with i pentosus with media 
containing oxidized peptone, acid hydrolyzed oxidized casein, or crystalline ammo 
acids See Table I for the composition of media corresponding to the abbreviations 
used 

be destroyed or modified m the autoclave and that a satisfactory “recovery’ 
of cystine does not necessarily prove that no loss has taken place 

To test this possibility further, standard curves from assays m which cys- 
tme had been autoclaved with the medium weie compared with standard 
curves of cystine which had been filtered with a bacterial sintered glass fil- 
ter prior to aseptic addition to tubes contaming autoclaved medium This 
procedure was also used to test the effect of autoclaving upon other com- 
pounds which were assayed for cystme activity In each case, the final 
tube contamed the same amount of sulfur as that supplied by L-cystme 
Racemic compounds and the mternally compensated mesa-cystme contamed 
twice as much sulfur per tube as tubes containmg n-cystme The com- 
pounds were filtered after final dilution to the same concentration used for 
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Standard curves of the autoclaved compounds The activities of the com- 
pounds subjected to each method of sterilization were then expressed by the 
slope of the most nearly Imear (usually the low ei portion) part of the stand- 
ard curves obtained with any particulai organism divided by the slope of 
filtered L-cystme for the same organism multiplied by 100 These results 
are su m marized m Table III and m Figs 2 to 12 

The results obtamed indicate that autoclaving resulted in reduction of 
cystme activity to 44 to 48 per cent when tested with Leuconostoc viesen- 
teroides, to 23 to 29 per cent w'hen tested wuth Lactobacillus delbrueclii 3, 
to 39 to 43 per cent wnth L peiitosus Little or no loss w'as observed if L 
casei was used Similar results were obtamed whether the non-cystine ni- 
trogenous source w as ciystallme ammo acids or oxidized peptone The ad- 
dition of reducmg agents, such as sodium thioglycolate or ascorbic acid, had 
no eflfect upon the destruction caused by autoclavmg Similar results w ere 
also obtamed with L-cysteme 

It IS w ell known that cystme is lapidly destroyed when heated m an al- 


kalme medium, and w'ork m this laboratory mdicates that 20 to 60 per cent 
of cystine may be mactivated w'hen autoclaved wuth 2 N acid at 15 pounds 
piessure for 3 to 12 hours Present results indicate mactivation as tested 
with microorganisms when cystme is heated at pH G 8 for relatively short 
periods of tune The extent of mactivation, how ever, did not appear to be 
the same for each nucrooiganism Thus cystme modified by bemg auto- 
claved w'as fully as active as filtered cystme foi Lactobacillus casei Smce 
most of the cystine activity was lost when tested ivith Lactobacillus del- 
bruecktt 3, it is apparent that a large pei centage of the cystme present under- 
went modification Although theie is no conciete endence which mdi- 
cates the nature of this change, cystme is utdized by the organisms tested 
not only as cystme per se but also to a varymg degiee as modified cystme 


There is evidence that a leaction occurs between cystme and remammg 
components of the medium with w'hich it is autoclaved It w'as noted that 
assay tubes m wLich filtered cystme w'as mcorporated after autoclavmg o 
the cystme-free medium appeared darker bi owm m color than tubes m iuc 
cystme was autoclaved with the medium In all cases, tubes were never 
autoclaved longer than 15 mmutes at 15 pounds pressure This obsena 
tion may be associated with the loss m activity of cystme noted above 
Achvity of Related Compounds, Lactobacillus casei ^The compara ive 
activities of L-cystme, L-cysteme, oL-cystme, and meso-cystme for c J 

bacillus casei are showm m Fig 2 and Table III It is of mterest ^ ® 

rather high levels of cystme (25 to 50 7 per tube for half maximum 
reqmred by this organism L-Cystme and L-cysteme are nearty equiv 
m them activity m the lower portions of the growth curves 
filtered compounds showed inhibitory tendencies at higher levels. 



Table III 

Summary of Cyslinc Activity of Sulfur-Containing Compounds for Lactic Acid 
Bacteria That Require Cystine* * * § 


Compound 

Stenlizationf 

L caset 

L Cystine 

Filtered 

(100) 


Autoclaved 

100 P 

L Cysteine + HCl 

Filtered 

100, 139 P 


Autoclaved 

100, 122 P 

DL Cystine 

Filtered 

Inhibits 


Autoclaved 

130 P 

meso Cystine 

Filtered 

85 P 


Autoclaved 

164 P 

Glutathione 

Filtered 

1300, 2000, 


Autoclaved 

1500 P, 
1300 S 
1400 P 

Glutathione, acid- 

Filtered 

2200, 900 P 

hydrolyzed 

Autoclaved 

200 P 

Glutathione, en- 

Filtered 

500 P 

zyme-treated 

Autoblaved 

1500 P 

DL-Homocystine 

Filtered 

2P 


Autoclaved 

28 P 

Sodium thio- 

(< 

100, 100 P 

glycolate 



Amyl mercaptan 

(i 

Slight P 

Sodium sulfide 

n 

100, 78 P 

monohydrate 


i 

Sodium thiosulfate 

<c 

55 P 

pentahydrate 




L peniosus 



(100) 

(100) 

(100) 

43, 35,49 

29, 23 P, 

46, 47, lot 

P, 43 C 

25 C 

P, 48 C, 

44 S 

103, 96 P 

100 P 

98, 80 P, 

101 S 

79, 43 P 

28, 29 P 

43, 63, 12t 
P, 45 S 

143 P 

Inhibits 

127 P 

26 P 

it 

34 P 

187 P 

It 

168 P 

29 P 

tt 

48 P 

196 P 


2P, 4S 

220, 171, 

10, 11 P, 

8, 10 P, 

164 P, 

39 C 

3 C 

106 C 



loop 

loop 

lOO, 105 P 

48 P 


48 P 

250 P 


50 P 

250 P 


20 P 

Activity at 

0, 2§P 

4, lOtP, 

high 


0 S 

levels 
(Fig 7) 




3, 3, 8§ P 

0,3,0, 5tP, 
0 S 

0, 2P 

5 P 

0,0 Pt 

OP 

Slight P 

0 P 

0, 1 P 

5P 

0 P 

OP 

Slight P 

OP 


* Activities are expressed in terms of acid production in a cystine free medium 
when compared with an equivalent amount on the basis of sulfur content of l cystine 
sterilized with a bacterial filter which was given an arbitrary activity of 100 The 
compounds contaimng molecular components having the d configuration were 
doubled in quantity The letters following the figures refer to the source of amino 
acids used in the media (see Table I) Repeated figures refer to repeated assay 

t The compounds were sterilized either by filtration through a sintered glass filter 
or by autoclaving at 15 pounds pressure for 15 minutes The media were autoclaved 
in all cases 

t Plus 0 5 mg of sodium thioglycolate or ascorbic acid per tube 

§ Plus 0 5 mg of ascorbic acid per tube 
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MICROGRAMS l-CYSTINE 
OR EQUIVALENT 

Fig 2 Typical cystine standard curves and activity curves of related compounds 
for L casei (P c CP), #, l cystine, O h cysteine + HCl, O dl cystine, 9 meso 
cystine The compounds represented in these and succeeding figures were sterilised 
by filtration (dash line) or by autoclaving (solid line) iiith the medium The curves 
are plotted to permit direct comparison of the activity of each compound on the basis 
of its sulfur content The media are defined m Table I 



Fig the legend for Fig 2, O n-cysteine + HCl, □ glutathione, u S 

thione, acii-hydrolysed, S glutathione, enzyme-treated 
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OR SULFUR EQUIVALEN T 

Fjg 4 See the legend for Fig 2, • l cystine, •<> DL-homocystme, A sodium thio- 
glycolate, + amyl mercaptan, X sodium sulfide + 9HjO, + sodium thiosulfate + 
5HO 



MICROGRAMS U-CYSTINE 
OR EQUIVALENT 

Pig 5 Curves showing the activity of cystine and related compounds for h 
pentosus (P a AB), • n cystine, O n cysteine + HCI, d nn cystine, © meso- 
cystme The media are defined in Table I 
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OR SULFUR EQUIVALENT 

Fig 6 See the legend for Fig 5, O x-cysteine + HCl, □ glutathione, glflu^ 
thione, aoid-hydrolyzed, B glutathione, enzyme-treated 



OR SULFUR EQUIVALENT 

Fig 7 See the legend for Fig 5, O n cysteine + ECl, <> Di'-bomocystme 
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MICROGRAMS u-CYSTlNE 
OR SULFUR EQUIVALENT 

Fig 8 See the legend for Fig 5, # l cystine, A sodium fchioglyoolate, amyl 
mercaptan, X sodium sulfide + QHjO, + sodium thiosulfate + SHjO 



OR SULFUR EQUIVALENT 

Fig 9 Curves show the activity of cystine and related compounds for L del- 
hrueckn 3 (P a AB), • l cystine, O l cysteine + HCl, □ glutathione, B glutathione, 
acid-hydrolyzed, "O' dl homocystine, A sodium thioglycolate, X sodium sulfide + 
9H,0 
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MICROGRAMS l-CYSTINE 
OR l-CYSTEINE 

Fig 10 Curves showing the activity of cystine and related compounds for L 
mesenteroides (S cm CP) (solid line, autoclaved, dash line, filtered), ♦ l cystine, 0 

L-cysteine + HCl 



Fig 11 See the legend for Fig 10 (P cm CP), • n cystine, O n cysteine + 
9 DL-cystine, © nieso-cystine 
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overcome by autoclaving the compounds with the medium Autoclaving 
also had beneficial effects m raising the activity of meso-cystme and DL-cys- 
tme toward that of L-cystine 

In Fig 3, the activities of glutathione befoie and after hydrolysis are 
compared with that of L-cysteme and n-cystine In repeated assays, gluta- 
thione proved to be 13 to 20 tunes as active as cystme or cysteme This 
result u as unaffected by autoclavmg the peptide at 15 pounds pressure foi 
15 mmutes In view of the sensitivity of glutathione to heat, it would 
appear that modified forms of this tnpeptide are veiy active for Lactdbacil- 
hts easel 



OR SULFUR EQUIVALENT 

Fig 12 See the legend for Fig 10 (P cm CP), O n cysteine + HG!, □ 
glutathione, S glutathione, acid hydrolyzed, y glutathione, enzyme-treated 

Scott, Norris, and Heuser (15) pomted out that glutathione mci eases the 
mitial growth of Lactobacillus casei m an otherwise complete medium 
These workers used a turbidimetnc assay at the end of 16 hours of meuba- 
tion at 37° In the present work, all moculated media were incubated for 
72 hours at 37° and the growth was measured by titration of the lactic acid 
produced The results shown m Fig 3 mdicate that glutathione is approM- 
mately 20 times as active as cystme itself for L casei, and it is accordmgly 
postulated that cystine is not the actual compound used by this organism 
for the synthesis of protein, but that glutathione per sc more nearly meets 
its synthetic requirements for a cystme-like compound Increased tur- 
bidity of moculated media durmg mcubation likewise mdicates that gluta- 
thione is more readily utilized for cell production than cystme 

Partial hydrolysis products of glutathione retam the high activity orig- 
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mally possessed by the intact compound An attempt to hydrolyze the 
compound with a mixtuie of pancieatm and hog intestinal mucosa (which 
were known to have good protease and peptidase activity) was unsuccessful 
m decieasmg the activity to that of the paient ammo acid cysteme for this 
organism, the activity was actually mcreased by the action of the crude en 
zyme mixture Acid hydrolysis (which was known to hydrolyze gluta- 
thione when tested with other microoiganisms) likewise affected the activity 
to a varymg degree, occasionally the modified products were more active 
than the origmal glutathione 

It IS possible that some of the difficulties reported with Lactobacillus casei 
m microbiological assays may be due to limitmg amounts of cystme in the 
medium Smce relatively small amounts of glutathione effectively replace 
cystme, and smce autoclaved glutathione also has high activity, this is an 
ideal compound to supply the sulfur requirements other than methionme for 
this rmcroorgamsm It is of mterest to recall, m this connection, that 
Woolley (16) has reported partial stiepogemn activity with Lactobacillus 
casez of a tripeptide (seiylglycylglutamic acid) containmg two ammo acids 
found m glutathione Apparently a number of peptides have stimulatory 
effects upon the giowth of this microorgamsm 

Most of the remainmg compounds tested (Fig 4) replaced cystme m the 
followmg order of mcreasing activity amyl mercaptan, nL-homocystme, 
sodium thiosulfate, sodium sulfide, and sodium thioglycolate (which had 
activity equal to that of L-cystme) It is evident that Lactobacillus casei 
can utilize many diverse fonns of organic and morgamc sulfur as partial 
replacements for cystme m its nutritive medium 

Lactobacillus fentosus — Fig 5 mdicates that cystme suffered at least one 
half loss m activity dm mg autoclavmg when tested with Lactobaci'lus fcn- 
tosus Cystme and cysteme were approximately equivalent m activity a- 
respective of the method of sterilization Isomers containmg unnaturd 
components (nn-cystme and zneso-cystme) gave standard curves m wbic 
the effect of autoclavmg was a reduction m activity due to the n isomer 
When the compounds were filtered, the n components had partial cystme 
activity It seems that autoclavmg modifies the n ammo acid (whethei i 
be D-cystme or n-cysteme from ineso-cystme) to a different extent than 

L isomer , 

Fig 6 shows that glutathione has somewhat greater activi y 
Lactobacillus 'pentosus than could be accounted for from its cysteme cm 
tent It IS possible that this was accentuated by peptides present m 
medium, smce equivalent activity with cysteme was obtamed wit a m 
lum contammg oxidized casern As was the case with L casei, an oc a 
had no effect m dunmishmg the activity of glutathione, and 
drolysis” of this peptide likewise mcreased its activity for J’ g 
However, acid hydrolysis resulted m a reduction m activity ol 
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products to that expected from cysteme This was true both m the cases of 
autoclaved and filteied samples of the acid hydrolysate of glutathione 
Fig 7 shows typical curves obtamed with DL-homocystme for Lactobacil- 
lus peniosus At low levels, this compound had little activity, however, at 
higher concentrations the activity lose sharply and finally reached a maxi- 
mum equal to that obtained with high levels of cystme 
The addition of serme did not affect the late of conversion, thus cysta- 
thionme is probably not the mteimediate compound mvolved It is m- 
terestmg that similar cuives have been obtamed by Hac, SneU, and Wil- 
liams (17) with Lactobacillus ai abinosus when the conversion of glutamic 
acid to glutamme m the presence of ammonium salts was tested 
Sodium sulfide (Fig 8) and sodium thioglycolate had negligible cystme 
activity The remainmg compounds tested, sodium thiosulfate and amyl 
mercaptan, possessed no cystme activity for Lactobacillus pentosus 

Lactobacillus delbrueckii S — The activities of various compounds for this 
organism are summarized m Table III and are shown m Fig 9 The 
destructive effects of autoclavmg are again apparent m the case of cystme 
and cysteme, which are othenvise nearly equivalent m activity The iso- 
meric forms (oL-cystme and meso-cystme) usually inhibited the growth of 
this oiganism, however, the results were not uniformly reproducible Glu- 
tathione possessed less activity than L-cystme in an oxidized peptone med- 
ium and more activity m an oxidized casern medium Acid-hydrolyzed 
glutathione showed equivalent activity with filtered L-cystme and l- 
cysteme Homocystme had partial activity iihich was accentuated by the 
addition of ascorbic acid Sodium thioglycolate and sodium sulfide had 
only slight activity, and sodium thiosulfate was entirely devoid of cystme 
activity 

Leuconostoc mesentei oides — ^This organism (Fig 10) lesponds to the smal- 
lest amount of cystme of any organism tested Approximately 50 to 60 
per cent of the cystme activity is lost durmg autoclavmg However, cys- 
tme and cysteme were found to be equivalent when filtered, and usually 
equivalent when autoclaved These effects ivere the same with the medium 
contammg crystallme ammo acids as with a medium contammg oxidized 
peptone The addition of ascorbic acid had little effect upon the activity 
of these compounds, howevei, sodium thioglycolate (which was itself m- 
active) had inhibitory effects upon the acid production when present m the 
medium m addition to graded amounts of cystme The cystme standard 
curves obtamed with this oiganism w^ere more reproducible than those ob- 
tamed with any other stram of bacteria tested 

It can be seen horn Fig 11 that r>L-cystme and meso-cystme inhibited the 
growth of Leuconostoc mesenteroides when the latter compounds w ere auto- 
claved with the medium However, the n forms had partial activity when 
DLi-cystme and meso-cystme were filtered 
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Fig 12 shows that intact glutathione has very little cystine activity for 
Leuconostoc mesenteroides Enzyme hydrolysis resulted in partial activity 
of this compound, acid hydrolysis produced activity equal to that of the 
cleavage pioduct cysteme Smce intact glutathione has no activity, the 
mcreasmg activity duimg hydiolysis serves as an mde\ of the relative effi- 
ciency of hydiolysis of this compound by enzymes and by acid 
All compounds tested othei than cystme oi cysteme possess practically 
no activity for this orgamsm Leuconostoc mesenteroides is the most suitable 
of anj'’ orgamsm tested foi the imcrobiological assay of cystine, smce it is 
the most specific m its lesponse to cystme as compared to other forms of this 
ammo acid 


smoiARY 

The cystine requirement for eight microoiganisms commonly used for the 
assay of ammo acids has been determmed Only four were found to require 
this ammo acid Lactobacillus casei e, Lactobacillus pentosus, Lactobacillus 
delbrueckn LD-3, and Leuconostoc mesenteroides PD-60 None of a number 
of sulfui-contammg compounds which were tested could replace cystme in 
the medium of the last organism mentioned L cosa responds, however, to 
all compounds tested, glutathione effectively leplaces approximately 20 
equivalents of cystme m the nutiitive medium for this orgamsm 
Sterilization by autoclavmg has varying destructive effects upon the 
activity of cystme and cysteine, dependmg upon the organism used 
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THE CHEMISTRY OF THE LIPIDES OF TUBERCLE BACILLI 

LXXV FURTHER STUDIES ON THE POLYSACCHARIDES OF THE 
PHOSPHATIDES OBTAINED FROM CELL RESIDUES IN THE 
PREP^VRTION OF TUBERCULIN* 

By G I DE StlTO-NAGYt anb R J ANDERSON 
{From the Department of Chemistry, Yale University, New Haven) 

(Received for publication, August 4, 1947) 

In an eailiei lepoit (1) it was shown that the polysaccharides contained 
in the phosphatides isolated from cell residues which remained after the 
prepaiation of purified protein derivative, the PPD of Seibert, were differ- 
ent from the polysaccharide which is contained m the phosphatide isolated 
from tubercle bacilh, strain H-37 (2) 

Two separate lots of phosphatides were exammed at that time and it 
was found that both yielded different phosphorus-contaming polysaccha- 
rides or glycosides There was no explanation possible for such differences, 
smce the various lots of bacilh had been cultivated under identical con- 
ditions on the Long synthetic medium (3) and the same strain of bacilli 
had been used 

It appeared of interest, therefore, to examme the polysaccharide com- 
ponents of other lots of phosphatides prepared from ceU residues which 
remamed after the prepaiation of PPD Two separate lots of phosphatides 
were available for this study 

The same stram of tubercle bacilh had been grown undei identical con- 
ditions on the Long S 3 Tithetic medium The preliminary tieatment for 
the preparation of PPD (4) had been the same in every case and the isola- 
tion of the phosphatides had been carried out m the same manner as previ- 
ously employed m this laboratory (5) In view of the umfonnity of the 
bacilh and the processes employed in the preparation of the phosphatides, 
one would expect that the chemical composition of the polysaccharides 
isolated from the phosphatides would be identical, but such was not the 
case 

The polysacchaiides isolated from the two lots of phosphatides were dis- 

* The data are taken from the dissertation submitted by G I de Suto-Nagy to 
the Faculty of the Graduate School, Yale Umversity, 1946, in partial fulfilment of 
the reqmrements for the degree of Doctor of Philosophy 

The present report is a part of a cooperative investigation on tuberculosis, it has 
been supported partly by funds provided by the Research Committee of the National 
Tuberculosis Association 

t Holder of a National Tuberculosis Association Fellowship in Chemistry at Yale 
University, 1945-47 
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tuictly diffeient and they also differed from the results reported m the 
previous study (1) The glycoside mannmositose (2), wbch has been 
found to be a constituent of the phosphatide prepared from tubercle bacilh, 
strain H-37, was not present 

As a result of these studies on the phosphatides prepared from cell resi 
dues it IS quite evident that the polysaccharide components differ m com 
position with eveiy lot of bacilli that were gi oivn It also appears neces 
sary to conclude that the bacilli weie not of the stiain H-37 

We have no explanations for the variations that have been obsen^ed 
They may depend upon mutations or upon other causes as yet unknown 
We are meiely recording our findmgs, smce they may be helpful to future 
investigators 


EXPERIMENTAL 

The phosphatides used m this mvestigation had been prepared from two 
separate lots of cell residues designated as Lot 3 and Lot 5 The bacilli 
designated as stram 2067 had been cultivated m the laboratories of Sharp 
and Dohme, Glenolden, Pennsylvania, and processed for the production 
of PPD exactly as described in an earher paper (1) We are greatly 
mdebted to Sharp and Dohme for pi ovidmg us with this material The 
lipides contained m the cell residues imd been extracted and separated m 
the same maimer as was previously employed m this laboratoiy (5) 

The phosphatides had been precipitated ten times from ethereal solution 
with acetone The last precipitation Lid been made by pouring the 
ethereal solution into ice-cold acetone, which resulted m the formation of 
nearly white amorphous powders The phosphatides when dispersed m 
water foimed opalescent solutions which showed an acid reaction to htmus 
and gave a positive Mohsch reaction The aqueous solutions showed no 
reduction with Fehhng’s solution until they had been boiled for severs 
mmutes with dilute sulfuiic acid 

The Phosphatide from Lot 3 — ^When heated m a capillary tube, the p os 
phatide melted with decomposition at 201-205° The following va ues 
were obtained on analysis 

Found P 3 78, N 0 67, ash 7 26 

Saponification of the Phosphatide — The phosphatide, 24 95 ^ 
solved m 250 cc of benzene and to the clear solution was adde s j 
solution of 6 gm of potassium hydroxide dissolved m 70 cc o 
alcohol The solution assumed a deep orange color and 
ately a precipitate began to separate The mix'ture was ^ ,tate 

at room temperature with occasional shakmg for 20 hours P 
had then collected as a stiff mass on the bottom of the nas 
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supeinatant solution was decanted and the insoluble material was rinsed 
out several times with benzene and methyl alcohol and dried in vaciio The 
substance, which weighed 12 55 gm , was suspended in 175 cc of alcohol 
containing 1 pei cent of potassium hydro\ide and the nuxture was refluxed 
for 2 houis After the solution had cooled, the insoluble portion was fil- 
teied off and washed with absolute alcohol 
The filtiate was freed of excess potassium hj'^di oxide by means of carbon 
dioxide and the potassium carbonate was filtered off, washed with alcohol, 
and discaided The alcoholic filtiate was evaporated to dryness m vacuo 
and the residue was combined with the alcohol-msoluble portion The 
total material was dissolved m watei, acidified vuth acetic acid, and the 
cloudy solution was extracted with petroleum ether The latter, on evap- 
oration to dryness, left a small lesidue of fatty acids, which was combined 
ivith the mam fatty acid fraction contamed m the benzene solution from 
which the fatty acids were isolated and examined, as ivill be described 
later 

Isolation of Phosphoric Acids — The aqueous solution after extinction 
with petroleum ethei was neutralized with potassium hydroxide and con- 
centrated in vacuo to a volume of about 50 cc , after which a solution of 
neutral lead acetate was added in shght excess, and the lead salts which 
precipitated were filtered off and washed with water 

The filtrate was reserved foi the isolation of carbohydrates 
The lead salts mentioned above were suspended in water and treated 
with hydrogen sulfide The lead sulfide was removed and the filtrate 
was concentrated in vacuo to a volume of about 25 cc The solution was 
neutralized with barium hydroxide and the inorganic barium phosphate 
which precipitated was filteied off and discarded To the filtrate were 
added 2 volumes of alcohol, which caused a voluminous white precipitate 
which was collected and washed with alcohol After the substance had 
been precipitated three times in the same manner and dried in vacuo, 
it was obtained as a snow-white powder which weighed 4 37 gm It gave 
positive Molisch and Scherer reactions, thus indicating the presence 
of carbohydrate and inositol 

Isolation of Inositol Monophosphoric Acid — The barium salt mentioned 
above was dissolved in water and the baiium was removed quantitatively 
with sulfuric acid The barium sulfate was filtered off, after which the 
filtrate was concentrated in vacuo to a thick syrup and the latter was 
tiiturated ivith absolute alcohol until a white powder was produced, which 
was filtered off and washed with absolute alcohol 

The alcohohc solution was examined as will be described below 
The alcohol-msoluble powder mentioned above gave no Alohsch 
reaction but a positive Scherer reaction The substance was dissolved in 
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about 20 cc of watei and the strongly acid solution was neutralized ivith 
barium hydio\ide and the lesulting baiium salt was precipitated by the 
addition of 2 volumes of alcohol The precipitate was filtered off, after 
which it was repiecipitated three tunes from aqueous solution with alcohol 
The final product after it had been collected, washed with alcohol, and 
dried in vacuo foimed a white amoiphous powdei that was easily soluble 
m water Foi analysis the substance was dned at 107° in vacuo over 
phosphoius pentoxide 

Analysis — CcHnOsPBa (395 4) 

Calculated for barium inositol monophosphate P 7 84, Ba 34 75 
Found P 7 16, Ba 34 78 

The positive Scherei leaction and the composition of the baiium salt 
show that the substance was barium inositol monophosphate 

Alcohol-Soluble Portion of the Acid — The alcoholic solution mentioned 
above on evaporation to diyness in vacuo left a thick syrupy residue vhich 
gave positive Mohsch and Scherer reactions, thus indicating the presence 
of both carbohydrate and inositol The substance contamed 7 9 per cent 
of phosphorus and after it had been refluxed foi some tune with dilute 
sulfuric acid the solution stiongly reduced Fehling’s solution It was 
evidently a mixture containing a phosphorylated glycoside, but the 
amount of material available was insufficient for the isolation of any pure 
substance 

Examination of Filti ate from Neutral Lead Acetate Piecipitate Isola- 
tion of the Carbohydrate — The filtrate from the neutral lead acetate pre 
cipitate, mentioned above, was concentrated in vacuo to a volume of 
about 50 cc and precipitated by means of an excess of basic lead acetate 
and ammomum hydroxide The precipitate was filtered off, washed with 
5 per cent ammomum hydroxide, and the excess of ammonia was removed 
in a vacuum desiccator over sulfuric acid, after which the lead salt was 
suspended in water and the lead was removed ivith hydrogen sulfide 
The lead sulfide was filtered off and the clear filtrate was concentrate 
in vacuo to a thick syrup 

The syrup was dehydrated by grinding under absolute alcohol unti a 
white powder was pioduced The powder was filtered off, washed wi 
alcohol, and dned in vacuo The product which represented the principa 
carbohydrate fraction weighed 2 77 gm and gave positive 
Scherer reactions For analysis it was dried at 78° in vacuo over de y n e 

Analysis — Found P 3 13, N 0 66 

Attempts to purify the substance by acetylation will be describe 
later 
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Emmiiiation of Alcoholic Filtrate Isolation of Glycei ophosphoric Acid — 
The alcoholic filtiate tiom the powder mentioned above showed a strongly 
acid leaction and hence was neutralized ivith baiium hydroxide, wheie- 
iipon a white piecipitate sepaiated which was filteied off, washed with 
alcohol, and dried in vacuo The substance was tieated with 30 cc of 
water and the insoluble poition, which consisted of baiium phosphate, 
was filteied off and discarded To the filtiate weie added 2 volumes of 
alcohol and the lesulting white piecipitate was collected and washed with 
alcohol, after which it was leprecipitated in the same mannei After the 
substance had been dried in vacuo, it was obtained as a white amoiphous 
powder that weighed 1 9 gm It was easily soluble m water and it gave 
no Molisch or Scherer leaction For analysis it was dried at 78° in vacuo 
over dehydrite 

inalysis — Found Ba 44 82, 44 86, P 9 23, 9 48 

The values found mdicate that the substance was barium glycerophos- 
phate 

CaHtOsPBa (307 4) Calculated Ba 44 69, P 10 08 

The presence of both phosphoric acid and glycei ophosphoric acid in the 
alcoholic solution must have been due to partial hydiolysis of orgamc 
phosphoric acids during the operations mvolved in the isolation of the 
carbohydrate 

Examination of the Carbohydrate — ^An attempt was first made to purify 
a portion of the carbohydrate fraction by acetylation For this purpose 
0 4 gm of the substance was refluxed with acetic anhydride and fused 
sodium acetate The only substance that could be identified, after the 
reaction mixture had been diluted with water and extracted with chloro- 
form, was a small amount of inositol hexaacetate which was obtamed m 
the form of colorless plate-shaped crystals It gave the Scherer reaction 
and melted at 212-213° 

Since the results of the acetylation experiment mentioned above were 
inconclusive, an attempt was made to fractionate the residue of the 
material by means of banum salts The balance of the substance, 1 84 
gm , was dissolved in water and the solution, which was acid m reaction, 
was neutialized with barium hydioxide A shght precipitate of banum 
phosphate sepaiated and was filtered off, and 2 volumes of alcohol were 
added to the clear filtrate A vhite amoiphous precipitate separated and 
was collected The substance, after it had been reprecipitated m the 
same manner, was obtained as a white powder which weighed 374 mg 
and gave positive Molisch and Scherer reactions It did not reduce 
Fehhng’s solution until it had been refluxed for some time with dilute 
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sulfuric acid For analysis the substance was dried to constant weieht 
at 78° 

Analysis — Found Ba 28 21, P 7 23 

The composition and leactions of this substance indicated that it was 
a phosphorylated glycoside which contained inositol and carbohydrate, 
but the small amount of material pi evented a complete determination 
of its constituents , 

The filtrate fiom the above banum salt was freed of traces of barium 
with sulfuiic acid, after which the solution was concentrated m vacuo to 
a thick syiup It was dissolved in a little water, and alcohol was added 
to faint cloudiness On standing, prismatic crystals separated which 
weighed 0 41 gm The ciystals melted at 222°, and there was no de 
pression when mixed with inactive inositol The reaction of Scherer was 
positive , hence the substance was identified as inositol 

The filtrate from the inositol crystals was concentrated in vacuo to 
dryness The residue was a non-crystallizable sjTup which was acetylated 
in pyridine with acetic anhydride at room tempei ature The only crystal 
hne substance that could be isolated fi om the acetylated material in methyl 
alcohol solution was a small amount of inositol hexaacetate, m p 212° 

Aftei these crystals had been filteied off, the solution was evaporated 
to diyness and the non-ciystalhne lesidue was dissolved in methyl alcohol 
and saponified with baiium hydroxide Aftei the barium had been 
removed ivith sulfuric acid, the solution was refluxed ivith 5 per cent 
sulfuric acid for 2 5 houis The solution was freed quantitatively of 
sulfuiic and phosphoric acids with baiium hydroxide The solution, 
which gave a strong reduction with Fehlmg’s solution, was concentrated 
to a volume of 8 cc and mixed with phenylhydrazine hydrochlonde and 
sodium acetate A crystalline hydrazone began to separate immediately 
After the mixture had stood in the refrigeratoi overmght, the crystals 
were filteied off and leciystalhzed from 60 per cent alcohol Nearly 
colorless massive crystals weie obtained which weighed 0 14 gni an 
melted at 193-195° There was no depression when mixed with mannose 
phenylhydiazone The crystal form and melting point of the hydrazone 
showed that the reducing sugar was mannose No other substance co 
be identified in the reaction mixture , 

R4sum6 — The principal water-soluble constituents that were separa e 
from the phosphatide prepared from Lot 3 of the bacterial residues ve^ 
as follows inositol monophosphoric acid, glycerophosphoiic aci , 
inositol, and a phosphorus-contaimng glycoside which ° 

Scherer reactions After hydrolysis of this substance the reducing 
,was identified as mannose 
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Examination of the Phosphatide Prepaiedfiom Lot 5 of Bacterial Residues 
after Preparation of PPD— The phosphatide had been isolated and puri- 
fied exactly as desci ibed for the phosphatide of Lot 3 The properties and 
composition of the two piepaiations were practically identical 

Inalysis — Found P 3 50, N 0 55, ash 8 16 

Saponification of the Phosphatide — The sapomfication was carried out 
at room temperatuie as described before To a solution of 27 1 gm of 
the phosphatide was added an excess of potassium hydi oxide dissolved 
in methyl alcohol A precipitate began to sepaiate almost immediately 
and after the mixtuie had stood for 24 hours the supernatant was decanted 
and the precipitate was collected and washed with benzene and methyl 
alcohol, after which it was dissolved in water The resultmg alkalme 
solution was acidified with acetic acid and extracted with ether in order to 
remove a small amount of fatty acids The ethereal extract after it had 
been washed free of acetic acid with watei was combined with the benzene 
solution and the latter was exammed as will be described later for fatty 
acids and glycerol 

Examination of the Aqueous Solution — The aqueous solution after ex- 
traction with ether was concentrated in vacuo to a volume of about 40 
cc and a slight excess of neutral lead acetate was added The precipi- 
tate was collected, washed with water, and decomposed in aqueous sus- 
pension with hydrogen sulfide The lead sulfide was filtered off and the 
filtiate was concentrated in vacuo to a volume of about 25 cc and neutra- 
hzed with a solution of barium hydroxide A precipitate consistmg of 
barium phosphate was filtered off and the filtrate was diluted with 2 
volumes of alcohol, which caused a voluminous flocculent precipitate 
which was collected, washed with alcohol, and dried in vacuo The white 
powder, 0 77 gm , was dissolved in water and the barium was removed 
quantitatively with sulfuric acid The filtrate was concentrated in vacuo 
to a thick syrup and the lattei was triturated with absolute alcohol A 
small amount of msoluble material was filteied off and examined as ivill 
be described later 

The alcoholic solution, which was acid in reaction, was neutralized with 
barium hydroxide and the resultmg precipitate was filtered off and washed 
with alcohol The substance was dissolved in water and reprecipitated 
by adding 2 volumes of alcohol The white amorphous powder, which 
weighed 0 57 gm , consisted of barium glycerophosphate as mdicated by 
its composition 


CjH70«PBa iHjO (316 4) Calculated P 9 79, Ba 43 42 

Found 9 67, “ 43 27 
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The alcohol-insoluble material mentioned above was dissolved in water 
and the solution was neutralized with baiium hydroxide The addition 
of 2 volumes of alcohol gave a white precipitate which was collected and 
reprecipitated fiom aqueous solution with alcohol It ivas obtained as a 
white amorphous powder which weighed 0 12 gm The substance gave 
no Mohsch but a positive Scheiei reaction, and when heated with potas 
Slum sulfate it gave a strong odor of acrolein 
Poi analysis the substance was dried xn vacuo at 110° 

Found P 9 12, Ba 37 98 

A Zeisel determination was made and a volatile iodide was hberated 
which when calculated as isopropyl iodide coi responded to 7 8 per cent 
of glyceiol The analytical values suggest that the substance was a 
slightly impure sample of inositol glycerol diphosphoric acid 

Isolation of Inositol Glycerol Dxphosphoric Acid — The filtrate from the 
neutial lead acetate precipitate was freed of lead with hydrogen sulfide 
and the lead sulfide was filtered ofif and washed with water The filtrate 
was concentrated xn vacuo to a volume of about 50 cc , after which the 
acetic acid was lemoved by extinction with ether The solution showed 
a neutial reaction to litmus - It is evident, theiefore, that the mam por- 
tion of the 01 game phosphoric acids was piesent as neutial salts which 
were not precipitated by lead acetate 

It was found, however, that the addition of basic lead acetate to the 
neutral solution gave a voluminous precipitate which was filteied off and 
washed with 55 per cent alcohol The lead salt was suspended in water 
and decomposed with hydrogen sulfide The lead sulfide was filtered off 
and the filtrate was concentrated xn vacuo to a volume of about 50 cc 
The solution, which was stiongly acid in leaction, was neutralized mth 
barium hydroxide A small amount of barium phosphate which separate 
was filteied off and discarded The clear filtrate was diluted with 2 
volumes of alcohol which caused a voluminous white piecipitate whic i 
was filteied off and washed with alcohol The substance was reprecipi 
tated thiee times fiom aqueous solution with alcohol After the precipi 
tate had been diied xn vacuo, it was obtained as a snow-white pow er 

which weighed 2 313 gm . . 

The substance, which was easily soluble in water, gave no i o 
reaction, thus indicatmg the absence of carbohydrate, but it gave a posi 
tive Scheier reaction For analysis the substance was dried xn vacuo 
110° over phosphorus pentoxide 

Analysis— Found P 9 32, 9 39, Ba 40 05, 39 99 
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The analytical values agree closely with the calculated composition of 
a barium salt of the foimula C 9 Hi 60 MP 2 Ba 2 (684 8) 

Calculated P 9 05, Ba 40 12 

It will be shown in a separate report that this substance represents a 
new type of an orgamc phosphoric acid On complete hydrolysis the 
substance 3 aelded 1 part of inositol and 1 part of glycerol together ivith 
phosphoric acid On partial hydrolysis inositol monophosphonc acid and 
glycerophosphoric acid were obtained 
Isolation of the Polysaccharide — The filtrate from the above basic lead 
acetate precipitate was fieed of excess lead with hydrogen sulfide and the 
lead sulfide was filtered off and washed with water The filtrate was 
evaporated in vacuo to dryness and the thick syrupy residue was ground 
m a mortal under absolute alcohol until a white powder was produced 
The powdei was filtered off, washed with absolute alcohol, and dned in 
vacuo The substance, which weighed 3 537 gm , was a white amorphous 
powdei which gave positive Molisch, Scherer, and acrolein leactions 
An aqueous solution of the substance showed a neutial reaction to litmus 
and did not reduce Fehling’s solution until it had been lefluxed for some 
time with dilute sulfuric acid The reactions indicated that it contained 
carbohydiate, inositol, and glycerol 
For analysis the substance was dned at 110® in vacuo over phosphorus 
pentoxide 

Found P 6 93, ash 27 00, N was absent 

The ash in addition to phosphorus contained potassium and magnesium 
Attempts to purify the polysaccharide by precipitation ivith basic lead 
acetate and ammonium hydroxide and fractionation by means of baiium 
hydroxide did not lead to any puie or homogeneous compound A por- 
tion of the substance, weight 1 gm , was theiefore hydrolyzed by lefluxing 
with 5 per cent sulfuric acid for 3 hours The amount of reducing sugar 
liberated coiiesponded to 32 per cent calculated as glucose 
Examination of the Cleavage Products — The solution after hydrotysis 
contained some phosphoric acid in addition to sulfuric acid, both of which 
were removed by the addition of barium hydroxide until the leaction was 
neutral The insoluble barium salts were filtered off and the filtrate was 
diluted with 2 volumes of alcohol The white amorphous precipitate that 
separated was collected, washed with alcohol, reprecipitated m the same 
maimer, and dried in vacuo It weighed 0 37 gm 

Anaiysts— CjH,0»PBa |H,0 (316 4) Calculated P 9 79, Ba 43 42 

Found “ 9 30, “ 43 81 

The composition corresponds to that of barium glycerophosphate 
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Isolation of Mannose 4s the Phenylhydrazone — The filtrate from the 
baiium glyceiophosphate was fieed fiom a trace of banum with suKuric 
acid, after which the solution was concentrated m vacuo to a volume of 
about 12 cc To the solution was added 0 5 gm of phenylhydrazme 
dissolved in 1 cc of alcohol Mannose phenylhydrazone began to separate 
almost immediately and after the mixture had stood overmght the crystals 
were collected, washed, and dried The hydrazone, 180 mg , was recrys- 
talhzed from 60 per cent alcohol and melted at 194-196° with decomposi- 
tion There was no depression when mixed ivith an authentic sample of 
mannose phenylhydrazone 

Isolation of Inositol — The excess of phenylhydiazine in the filtrate from 
the mannose phenylhydrazone was removed by means of benzaldehyde 
in the usual manner , and the solution was evaporated to dryness in vacuo 
From the residue it was possible to isolate after purification about 50 mg 
of needle-shaped crystals which gave the Scherer reaction and melted at 
220 5°, thus indicating that the substance was inositol 

R6sum6 — The principal watei -soluble constituents separated after alka- 
line saponification of the phosphatide prepared from Lot 5 of the bactenal 
residues consisted of the following compounds glycerophosphoric acid, 
inositol glycerol diphosphoric acid, and a phosphorus-contaming glycoside 
which on hydrolysis gave glycerophosphoric acid, mannose, and inositol 

Isolation of the Fatty Acids — The alkahne benzene solution containing 
the fatty acids was diluted with about 5 cc of water and refluxed for 2 
hours, after which most of the benzene was distilled off The residue was 
acidified -with dilute hydrochloric acid and extracted with ether The 
ethereal extract was washed with water until the washmgs were neutral 
to htmus, dried over sodium sulfate, filtered, and evaporated to dryness 
The fatty acids thus obtained from the phosphatide of Lot 3 weighed 17 5 
gm , equal to 70 14 per cent, and fiom the phosphatide of Lot 5, 19 26 gm , 
equal to 71 07 per cent The two lots of fatty acids were examined as 
will be described later 

Isolation of Glycerol — The aqueous solutions from which the fatty acids 
had been extracted were examined separately for glycerol The solutions 
were neutralized with potassium hydroxide and evaporated to dryness 
in vacuo The residues were extracted wth pyridine and the solvent was 
evapoiated in vacuo, leaving thick syrupy residues which consists o 
crude glycerol A portion of the residue in each case was converts m o 
the tribenzoyl derivative and the latter was crystallized from me y^ 
alcohol Colorless crystals characteristic of glycerol tribenzoate wer 

obtained which melted at 75-76° , xjj 

Examination of the Fatty Acids— The fatty acids were [ 
alcohol and a small amount of insoluble matter was removed by 
This material after purification was found to be mycohc acid, m p 
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The alcohol-soluble portion of the acids in as separated into solid and 
liquid acids by the lead salt-ether pioceduie The liquid acids were sub- 
jected to catalytic reduction, aftei which the solid leduced acids were re- 
moved by repeating the lead salt-ether treatment several times Follow- 
ing this preliminary separation the corresponding fi actions of the fatty 
acids from the two phosphatides were combined, esterified by means of 
diazomethane, and the esters were fractionated by distillation %n vacuo 
The distribution of the fatty acids is shown in Table I 
The solid acids consisted mainly of palmitic acid, but small amounts of 
higher and lower acids appeared to be present The sohd reduced acids 
consisted mainly of stearic acid, m p 70-71°, molecular weight by titration 
284 5, but traces of other acids weie present 
The esters of the liquid saturated acids were separated by distillation 
m vacuo into two fractions, a low boihng and a high boding fraction 
The low boihng estei amounted to 71 per cent of the total esters of the 
liquid saturated acids and corresponded to methyl tuberculostearate 


Table I 

Fatty Acids of the Phosphatides 


Phosphatide 

1 

Total 

acids 

Mycolic 1 
acid 1 

Solid 

acids 

Liquid 

acids 

Iodine No | 
of liquid 1 
1 acids ' 

Reduced 
sohd acids { 

Liquid 

saturated 

acids 

gm 

gm 1 

sm 1 

gm 

gm 



msm 

24 95 Lots 


0 48 

6 10 

8 92 




27 10 Lots 

Ira 

0 39 1 

6 27 

11 65 



119 


It was optically inactive, — 1 4368 The free acid obtained by sapom- 
fication of the ester was optically inactive It was a mobile oil at room 
temperature, which solidified when cooled in ice water, and melted at 
9-12° 

Titration — 35 45 mg and 151 08 mg dissolved in alcohol with phenol- 
phthalein as indicator required 11 95 cc and 50 96 cc of 0 01 N alcoholic 
KOH 


CigHjsOj Calculated, mol wt 298, found, mol wt 296, 296 

The silver salt was prepared according to Anderson and Chargaff (6) 
and burned m a porcelain crucible 

Ci 8 H 2 iOiAg (404 88) Calculated, Ag 26 64, found, Ag 27 14 

The pioperties and composition of the acid mdicate that it was tuber- 
culostearic acid 

The higher boilmg fraction of the esters of the hquid satuiated acids 
yielded on saponification an acid which was hquid at room temperature 
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and showed a low dextrorotation The moleculai weight titration 
was 372 In ether solution [a] f = -\-2 46° 

It has been showm in previous leports from this laboratory that the 
phosphatides piepaied from cell residues of tuberculin manufacture yield 
dextioiotatoiy, branched chain, hquid satuiated fatty acids similar to 
that isolated m the piesent mvestigation However, no pure phtboic 
acid has been obtained fiom these sources Lack of adequate material 
has prevented complete purification of these acids which appear to be 
analogous to phthioic acid 


SUMMXRX 

Two separate lots of phosphatide prepared from cell residues from 
tubei culm manufacture have been examined The phosphor us-contammg 
compounds that were liberated on mild alkaline saponihcation were 
differ ent 

The phosphatide of Lot 3 gave inositol monophosphonc acid, glycero 
phosphoiic acid, and a glycoside contaming phosphorus which gave mositol 
and mannose 

The phosphatide of Lot 5 gave glyceiophosphonc acid, mositol glycerol 
diphosphoric acid, and a glycoside which on hydrolysis gave glyceropbos- 
phone acid, mositol, and mannose 

Both phosphatides gave about 70 per cent of muxed fatty acids The 
hquid saturated fatty acids consisted mainly of tuberculosteaiic acid, but a 
small amount of a higher dextrorotatory hquid saturated acid was also 
present 
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THE CHEMISTRY OF THE LIPIDES OF TUBERCLE BACILLI 

LXXVI CONCERNING INOSITOL GLYCEROL DIPHOSPHORIC \CID. A 
COMPONENT OF THE PHOSPHATIDE OF HUMAN 
TUBERCLE BACILLI* 

B-i G I DE St)T5-NAGYt and R J ANDERSON 
(Froj)i the Department of Chemtetry, Yale University, Neio Haven) 

(Received for publication, August 4, 1947) 

In studies conducted m this laboiatoiy dealing with the composition 
of the phosphatide isolated from the human tubercle bacillus, strain H-37, 
it was recognized earlj'- that an orgamc phosphoric acid of the formula 
C 9 H 20 O 14 P 2 could be separated m the form of the baiium salt from the 
iiatei -soluble cleavage products after the phosphatide had been saponified 
■with alcoholic potassium hydroxide (1) This substance was regarded as 
a complex composed of a hexose monophosphonc acid and glyceiophos- 
phoric acid The acid gave no reduction with Fehhng’s solution until it 
had been refluxed for some time with dilute sulfuric acid The presence 
of a reducing sugar was thus demonstrated, but the sugar was not identified 
at that time 

A compound of similar composition was also isolated from the cleavage 
products of the phosphatide of the leprosy bacillus (2) In a later investi- 
gation (3) of the 01 game phosphoius compounds contained in the phos- 
phatide of the human tubercle bacillus, strain H-37, a barium salt was 
isolated which corresponded in composition to the formula C9Hi60nP2Ba2 
Analysis of this substance indicated that it was mannose glyceiol diphos- 
phoric acid The reducing sugar contained in this compound was identi- 
fied as mannose 

In addition to the acid of the formula C 9 H 20 O 14 P 2 , the isolation of glyceio- 
phosphoric acid (4), inositol monophosphonc acid (5, 6 ), and the phos- 
phorus-contammg glycoside manninositose (1,3) has been described 

The isolation of an acid of the formula C 9 H 2 oOi 4 P 2 m the form of the 
banum salt was described in the preceding paper (6) and it was suggested 
that the substance was inositol glycerol diphosphoric acid The substance 

* The data are taken from the dissertation subnutted by G I de Suto Nagy to 
the Faculty of the Graduate School, Yale University, 1946, in partial fulfilment of 
the requirements for the degree of Doctor of Philosophy 

The present report is a part of a cooperative investigation on tuberculosis, it has 
been supported partly by funds provided by the Research Committee of the National 
Tuberculosis Association 

t Holder of a National Tuberculosis Association Fellowship in Chennstry at Yale 
University, 1945-47 


761 



762 


UPIDES OF TUBERCLE BACILLI LXXVI 


was obtained after alkaline saponification of the phosphatide prepared 
from Lot 5 of cell residues which remained after the preparation of the 
purified protein derivative, PPD Since such a compound has not been 
isolated or described previously, we present m this paper a bnef account 
of the properties and cleavage products of this unusual acid 

EXPERIMENTAL 

The baiium salt of the acid had been isolated as described m the pre- 
ceding paper (6) and it was a white amorphous powder which weighed 
2 313 gm It gave no Mohsch reaction, but a positive Scherer reaction, 
and when heated with acid potassium sulfate the evolution of acrolem was 
evident In the Zeisel determination a volatile iodide was obtained which 
when calculated as isopropyl iodide corresponded to 48 3 per cent of banum 
glycerophosphate 

For analysis the substance was dned over phosphorus pentoxide m vacuo 
at 110° 


GjHuOuPjBaj (684 8) Calculated P 9 05, Ba 40 12 

Found “ 9 32, 9 39, Ba 40 05, 39 99 

The results of this prehmmary exammation indicated that the substance 
contained both inositol and glycerol combmed with 2 molecules of phos- 
phoric acid 

Complete Hydrolysis of the 0) game Phosphoric Acid — ^In order to deter- 
mine the cleavage products of the above oiganic phosphoric acid a portion 
of the banum salt weighing 1 gm w^as heated in a sealed tube with 11 co 
of 10 per cent sulfuric acid for 3 hours and 15 imnutes at 160° There 
was no pressure on opening the tube and its contents were washed into a 
beaker The suKuric acid and phosphoric acid were removed quantita- 
tively by means of banum hydroxide The filtrate was evaporated to 
dryness in vacuo, and the residue was triturated with absolute alcohol, 
which left a white insoluble substance, and the lattei was filtered off an 

washed with alcohol , , 

Identification of Inositol — ^The alcohol-insoluble substance, after i a 
been dried in vacuo weighed 280 mg It was dissolved in watei, ° 
with norit, and the clear solution was mixed with alcohol to famt tur i 
The solution was warmed until it was clear On coolmg an sera c ^ 
colorless needle-shaped crystals separated, which were filtere o ^ 
few hours and twice reciystalhzed from water by the ad ition o a 
The crystal form was characteristic of mositol and the ciys a ® 

Scherer reaction The ciystals melted at 222° and there ,^bstance 

when mixed with inactive mositol The properties o 
identify it as mactive mositol 
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Examination of Alcohol-Soluble Portion of Cleavage Products Identifica- 
tion of Glyceiol — The alcoholic filtrate and washings were combined and 
evaporated to diyness in vacuo, when a syrupy residue was obtained which 
weighed 110 mg The substance, when heated with acid potassium sul- 
fate, gave a strong indication of acrolein, thus suggestmg that it was crude 
glycei ol In order to confiim the presence of glycerol the tiibenzoyl deriva- 
tive M as pi epai ed m the usual mannei and crystallized f i om methyl alcohol 
The deiivative was obtained m the foim of colorless needles which melted 
at 74°, and there was no depression when mi\ed with an authentic sample 
of glj'Cerol tiibenzoate 

From the results obtained it is evident that the products liberated on 
complete hydrolysis of the organic phosphoric acid consisted of phosphoric 
acid, together with inositol and glycerol By calculation, 1 gm of a barium 
salt of the composition C9Hi60i4P2Ba2 should yield on complete hydroly- 
sis 0 3971 gm of orgamc compounds, and if inositol and glycerol were 
present m equimoleculai proportions there should be obtained 0 2628 gm 
of inositol and 0 1343 gm of glycerol The amounts of inositol and glyceiol 
actually isolated coriespond approximately to the theoretical values The 
expel imental lesults lepoited indicate that the organic phosphoric acid 
was mositol glycerol diphosphoric acid 

Paitial Hydrolysis of the Organic Phosphonc Acid — The balance of the 
barium salt was dissolved in water and the barium was removed quantita- 
tively with sulfuric acid The solution on evaporation to dryness in vacuo 
left a solid residue which was msoluble in alcohol Attempts to crystalhze 
the acid were unsuccessful 

For partial hydiolysis the acid was dissolved m 10 per cent sulfuric acid 
and the solution was heated at 45° for about 6 hours The sulfuric acid 
was removed with barium hydroxide and the barium sulfate was filtered 
off The filtrate was concentrated in vacuo to a thick syrup and the latter 
was triturated with absolute alcohol until a white powder was produced 
which was filtered off and washed with absolute alcohol 

Isolation of Barium Inositol Monophosphate — The alcohol-msoluble sub- 
stance mentioned above gave a positive Scherei reaction It was dissolved 
in a little water and the solution which showed a strong acid reaction was 
neutialized with barium hydroxide The clear solution was mixed with 
2 volumes of alcohol and the white amorphous precipitate that separated 
was filtered off and v ashed vath alcohol After the substance had been 
reprecipitated from aqueous solution with alcohol, it was collected, washed 
with alcohol, and dried m vacuo For analysis the substance was dried to 
constant weight at 78° in vacuo over phosphorus pentoxide 

Anulysis — CjHnOsPBa (395 4) Calculated P 7 84, Ba 34 75 

Found ‘ 7 38, 7 60, Ba 34 55, 34 14 
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The pioperties of the substance and the composition of the barium salt 
mdicate that it was banum mositol monophosphate 

Isolation of Banum Glycerophosp 1 iat&~Th.e alcohohc filtrate from the 
above alcohol-msoluble mositol monophosphonc acid showed an acid 
reaction to htmus The solution was neutrahzed with banum hydroxide 
and the precipitate that separated was filtered off and washed with alcohol 
The substance, after it had been leprecipitated from aqueous solution 
by the addition of alcohol, was filtered off, washed with alcohol, and dried 
in vacuo The product was a snow-white amorphous powder that gave no 
Scherer reaction Foi analysis it was diied at 110° m vacuo over phos 
phoius pentoxide 

Analysis— GiB-iOiPBei (307 4) Calculated P 10 08, Ba 44 70 

Found “ 9 93, 10 23, Ba 44 27, 44 62 

The analytical values found for the barium salt are m close agreement 
ivith the calculated composition of banum glycerophosphate 

DISCUSSION 

Smce it was possible to isolate both mositol monophosphonc acid and 
glyceiophosphoric acid after mild hycholysis of the acid of the formula 
CaH2oOi4P2, it seems evident that the molecules of inositol and glycerol 
must have been combined either as esters of phosphoric acid or by means 
of an easily hydrolyzable oxygen bridge Unfortunately, lack of material 
prevented a complete mvestigation of the constitution of the acid, but the 
results illustrate the diversity of orgamc phosphoric acids that can be pro 
duced by the tubercle bacillus It would appear also that almost every 
lot of bacilh that is giown on an artificial medium elaborates different 
organic phosphoric acid compounds In future mvestigations of the 
orgamc phosphoric acids isolated from the phosphatide of the human 
tubercle bacillus it is suggested that special attention should be given to 
distmgmsh between mannose glyceiol diphosphoric acid and inosito 
glycerol diphosphoiic acid as well as other phosphoric acid compoun 
The great variety of metabohc products pioduced by the orgamsm ren ers 
it impossible to predict what compounds may be found 

SUJIMABT 

An organic phosphoiic acid of the formula C9H20O14P2 was isolated from 
the phosphatide of a special lot of tubercle bacilli residues from t e pre 

ration of tubeiculm , j + to 160 ° 

Complete hydrolysis of the acid by heatmg m a sealed typ 
yielded phosphoiic acid and approximately eqmmolecular quan 1 

mositol and glycerol 
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When the acid was subjected to mild hydrolysis, it juelded mositol mono- 
phosphonc acid and glycerophosphoric acid 
It is concluded, theiefoie, that the acid is inositol glyceiol diphosphonc 
acid, but the chemical constitution of the acid is as yet imknown 
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THE ULTRAVIOLET iLBSORPTION OF SERUM ALBUMIN 
AND OF ns CONSTITUENT AMINO ACIDS AS A 
' FUNCTION OF pH 

1 IRWIN W SIZER \nd ANDREW C PEACOCK 

j(Ero»i ihc Dcparlmcnl of Biology, MassachuscUs Inshtule of Technology, Cambridge) 

(Received for publication, August 16, 1947) 

The ibsoiption of proteins m the ultraviolet m the legion of 250 to 
300 mp IS commonly related to the presence m the piotein molecule of 
the aromatic ammo acids tyiosine, tiyptophan, and phenylalanine (1-6) 
fn general, con elation is excellent between the bands obsei-ved m the 
pectium of the piotein and those of the aromatic ammo acids (5, 6) 
nese qualitative relationships have been shown moie recently (3, 7, 8) to 
quantitative undei certain specified conditions with reference to wave- 
' h and pH Goodvin and Morton (7) have estimated quantitatively 
X ne and tiyptophan fiom the absorption of the protein in 0 1 N NaOH 
-wo different nave-lengths in the ultiaviolet Similarly Lerner and 
Barnum (S) obseired that the absorption of human semm albumm at pH 

2 and at 277 5 mp coi responded closely to the absorption expected fiom the 
chemical analysis of the albumm, n Inch shon ed the presence of 4 66 per 
cent tyrosine and 0 19 per cent tryptophan While this correspondence 
between the absorption of a piotein and of its aromatic ammo acids has 
been shown to hold at a particular n ave-length, the conespondence has not 
been studied quantitatu ely ovei the entire ultraviolet spectrum Neither 
has the effect of pH on piotems been quantitatively related to its mfluence 
|On the aromatic ammo acids, although Lernei and Bainum (8) noted a shift 
m the maximum absorp tion of sei um albumm to longer n ave-lengths ivhen 
'^he pH was changed from 2 to 10 Hohday (3) repoited little effect of 
t hange m pH upon the absoiption of tryptophan oi phenylalanine The 
‘bsorption peak of tyi osine, hoii evei , moved to longer wave-lengths at high 
^,)H values, and in addition the absoiption beloiv 250 mp became greater 
!c)arby (9) has made use of this pH effect to resolve bands due to tyiosine 
and tryptophan in papain 

The present paper is concerned with correlating quantitatu ely the ultra- 
'lolet absorption of bovine serum albumm iiith that of the constituent 
amino acids with special lefeience to the effect of pH upon this absorption 

EXPERIMENTAL 

The ultraviolet absorption spectra of bovine semm albumm (Armour) 
and of the ammo acids (Eastman) weie measured uith a Beckman quartz 
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spectiophotometei Readings were made afc 2 mu mtervals except in the 
legion of a maximum or a mmimum, when they were made at intervals of 
1 m/x The data aie lecoided as extinction coefficients^ at each wave- 
length Smce there was no significant shift m absoiption of either the 
albumin or the ammo acids m the acid region as determmed in pr eliminar y'- 
expeiiments, subsequent ivork m acid solution was done only at pH 43 
The alkaline region is lepresented by studies made at both pH 10 o and 
12 0 



240 260 280 

WAVE-LENGTH, mu 


Fig 1 Absorption in the ultra-violet of crystalline bovine serum albumin (0 333 
mg per ml ) as a function of pH 

In Fig 1 aie shown the absorption curves of serum albumm at pH 43, 
10 5, and 12 0 (pH adjusted to the appropriate value ivith dilute NaOH or 
dilute HCl) The shift to higher wave-lengths of both the maximum and 
minimum absorption ivith pH is biought out more clearly m Fig 2 The 
characteristics of the absorption m the ultiaviolet (Fig 1) of cry-stamne 
serum albumm are not caused by low molecular weight impurities 'W c 
might be present, for when these are removed by dialysis the absorption 

I The extinction coefficient is obtained from the relationship, optical density loS 
Id/Iz ~ f-cx, where Zo and Z* are the incident and transmitted light ^ 

X the cuvette diameter in cm , c the concentration in gm per liter, an 
extinction coefficient 
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curve IS unalteied Lernei and Bainum (8) obseived a similar shift when 
they changed the pH of human serum albumin from 2 to 10 More striking 
than the effect of pH upon the wave-length of ma\imum and minimum ab- 
sorption, however, is the plateau m the curve for pH 12, which appears at 
about 240 m/i (Fig 1) This effect is not evident in the woik of Lerner 
and Barnum (8), since they did not explore the legion above pH 10 
An attempt to interpiet the data on the ultraviolet absoiption of serum 
albumm was made by studying the ultraviolet absoiption of the constituent 
ammo acids of seium albumm A synthetic mixture was prepared which 



Fig 2 Ultraviolet absorption maMmum and minimum as a function of the pH of 
the medium O, bovine serum albumin (data from Fig 1), A, anuno acid mixture 
(data from Fig 3) , a, L-tyrosine (data from Fig 4) , X, peptic digest of bovine serum 
albumin (data from Fig 5) 

contamed the ammo acids m the same propoitions as they exist m the 
protein (10) The ultraviolet absorption as a function of pH is presented 
in Figs 2 and 3 The wave-lengths of the maximum and minimum and 
their shift with pH are stnkmgly similar to those for serum albumm 
Although at pH 4 3 the absorption m the ultiaviolet of the ammo acid niLx- 
ture IS practically identical m every respect v ith that of seiami albumin 
(compaie Figs 1, 2, and 3), marked differences occur in the region of 240 
mp at pH 10 5 and 12 0 A plateau characteiizes the amino acid mixture, 
but not the albumm, at pH 10 5, while at pH 12 0 there is a sharp peak m ab- 
sorption for the mLxture, but only a plateau m the albumm cuiwe at 240 mp 
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In attempts at mterpretation of the ultiaviolet curves of the ammo acid 
mixture, detailed studies Mere made of the absorption m the ultraviolet of 
the aromatic ammo acids, phenylalanine, tryptophan, and tyrosme The 
results AVith the first two aie summarized m Table I, from which it is ap- 
parent that only a slight shift in absorption spectrum occurs as a function 
of pH With neither phenylalanine nor tryptophan is theie any evidence 
m strongly alkaline solutions of a plateau or peak m the absorption curve 
at 240 mM For tyiosme, however, the situation is veiy different (Fig 4), 



240 260 280 

WAVE- LENGTH, mu 

Fig 3 Absorption in the ultraviolet as a function of pH of anuno acids (0 333 
mg per ml ) mixed in the proportions in which they exist in serum albumin 

both the usual maximum and mimmum shift to higher wave-lengths as the 
pH IS mcreased in the alkaline region This shift, as shown in Fig 2, is 
closely analogous to that f oi sei um albumin The wave-length of the maxi 
mum for serum albumm as well as the shift m maximum ii ith pH 
counted for to a high degree of precision by the tyrosme present m e 
protem The mmimiim and its shift with pH are not quite the ^me ^or 

tyrosine and serum albumin except m strongly alkahne solutions t 

pH values it is cleai that other amino acids contiibute in deteimming 
wave-length of minimum absorption of serum albumin jj 

The plateau m the absorption curve at 240 m/i of serum albumm a 
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12 0 can be explained on the basis of the presence in the protein of tyiosine, 
ivhich shows at 240 mu a plateau at pH 10 5 and a shaip peak at pH 12 0 
The shift of the 245 minimum and of the 275 m/a maximum of tyrosine 
to longei wave-lengths vith inciease in allvalinity has been observed by 


Table I 

Absorption Maxima and Minima in Ultraviolet of dl Phenylalanine and of 
Bii-Tryptophan As Function of pH 


pH 

Phenylalanine 1 

1 

Tryptophan 

Minimum 

Maximum . 

ilinimum 

Maximum 


tn^i 

1 

ntft 

ntii 

ntfi 

4 3 

230 

258 

2-13 

278 

10 5 

234 

259 

214 

231 

12 0 

236 

259 

245 

281 



240 260 280 

WAVE-LENGTH mii 

Fig 4 Absorption in the ultraviolet of n-tyrosine (1 0 mg per ml ) as a function 
of pH 

otlieis (3, 8) who asciibed this shift to ionization m alkali of the phenohc 
hydroxyl gioup of tyrosme The maximum at 240 mp m strongly alkahne 
solutions lepoited here has not been obseived before, but the suggestion is 
made that it is also related to the formation of the phenoxide group 
Greenbeig and Barnum (11) have lecently studied the dissociation of the 
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phenolic hydroxide group of tyrosine and report a pK of approximately 10 
Smce the absorption of the dissociated and imdissociated groups is mutuallj 
independent (12), the absorption of an equal muxture of the phenoude ion 
and of tyrosine with the undissociated phenolic gioup Mill represent the 
sum of the absorption of the two At pH 12 0 the ionization should be 
complete and hence the peak at 240 mp characteristic of the phenoxide ion 
becomes apparent The extinction coefficient of this maximum at pH 12 0 
IS 53 (see Pig 4) At pH 7 3, however, the phenolic group is almost com- 
pletely undissociated, and the correspondmg extmction coefficient is 20 
At pH 10 5 the concentration of the phenoxide ion and of the tyrosme ivith 
an undissociated hydioxyl group should be about equal, and the extmction 
coefficient at 240 mp should therefore be the average of the two, or 27 5 
The good agreement of the observed coefficient for pH 10 5 of 24 6 at 240 
m;i "With the theoretical value is evidence m favor of the concept that 
lomzation of the phenohc group accounts for the change m absorption of 
tyrosme as a function of pH 

It appears that m serum albumm as m tyiosme the shift m absorption 
with pH IS related to lomzation of the phenohc group Failure of the 
serum albumm to show the pronounced absorption at pH 10 5 at 240 m/i, 
typical of tyiosme, must mean that m serum albumm the phenohc groups 
are bound m some n ay that prevents ionization This bmdmg must be 
of a chemical type and not due to a mutual mteraction of the constituent 
ammo acids, smce m the ammo acid mixture (Fig 3) the phenohc groups are 
free to ionize Studies made with the ammo acid muxture (hferck) from 
which the tyrosme had been omitted clearly mdicate that almost all of the 
characteristic absorption m the ultraviolet of serum albumm and of its 
constituent ammo acids can be accounted for bj' tjwosme 

Infoimation was sought on the bmdmg of phenohc groups m serum 
albumm by studymg the effects of hydrolysis upon the absorption m the 
ultraviolet, smce it seemed likely that hydrolysis might sufficientlj’’ alter 
the configuration of the protem molecule so as to permit the lomzation o 
phenohc groups For enzjmiatic hydrolj^sis, pepsm is one of the most 
mterestmg enzymes to use m view^ of its ability to cleave peptide bon s 
mvolvmg tyrosme or phenylalanme (13, 14) 100 mg of serum albi^m 

were digested for 2 hours at pH 2 0. at 37“ wuth 1 0 mg of crysta]hae 
pepsm (Lehn and Fmk) Hydrolysis by pepsm^ was expensive, as is m i 
cated by the failure of any precipitate to form when trichloroacetic aci 
wms added to the digest, and bj' the fact that after dialysis of the iges 
residue contamed no tyrosme as measured by ultraviolet absorption or 
chemical analysis (15) The effect of pH on the ultraviolet absorptio 
the peptic digest of serum albumm is shoivn m Fig 5 As mig 

: Smtable controls showed that hydrolysis was not caused by the acid present 
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pected, the results are somewhat mteiiuediary between those foi serum 
albumin (Fig 1) and foi the synthetic mixture of ammo acids (Fig 3) 
Peptic digestion has caused a small peak at 240 to occur at pH 12 0, 
and a definite change in slope at 240 mu to appear at pH 10 5 The addi- 
tion of 1 0 mg of tiypsin (Pfanstiehl) to the peptic digest and adjustment 
of the pH to 8 5 lesult m a much more extensive sphttmg of peptide bonds, 



Fig 5 Absorption in the ultraviolet as a function of pH of a peptic digest of serum 
albumin (0 333 mg per ml ) 

so that the lesultmg cunms (at diffeient pH values) for absorption m the 
ultraviolet lesemble those foi the ammo acid mixtuie more closely than 
those for the native serum albumin 

If tiypsin IS used as the digestive agent (1 mg of trjTpsin added to 100 
mg of albumm at pH 8 5 for 18 hours at 37°), the digestion is only about 
tii'O-thirds as extensive as with pepsin (nhen measuied by tjrosme deter- 
mination on the undigested protem) Similarly the resultmg curves for 
absorption m the ultraviolet, while lymg beta een the tii o, resemble some- 
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what more closely the ongmal protem than they do the mixture of ammo 
acids These results are noteii orthy m view of the fact that, unlike pepsin, 
trypsm lequnes the presence of basic ammo acids rather than tyrosme or 
phenylalamne in ordei to attack a peptide bond (13) 

Smce alkahne hydrolysis is frequently used as a prelimmary step m the 
analysis of many ammo acids, it u as also employed m this study to deter- 
mine its effect on the absoiption in the ultraviolet Alkahne hydrotysis 
was performed m the usual manner (16) by boding the serum albumin for 
18 hours m 6 N NaOH The absorption cuives of the hydrolyzed protem 



240 260 280 


WAVE-LEN6TH,m;u 

Fig 6 Absorption in the ultraviolet as a function of pH of an alkaline hydrolysate 
of serum albumin (0 333 mg per ml ) 


(Fig 6) clearly show, from the absorption at 240 m/i, the piesence of the 
phenoxide ion at pH 10 5 and 12 0, but its presence is not nearly as eviden^ 
as m the ammo acid mixture This is suipiismg, smce it is generally ac 
cepted that digestion with boilmg alkali bungs about complete by 
Other effects of tieatment with alkali appeal v hen the maxima an 
are examined At pH 4 3 the usual mmimum at 255 mp has ^ 
eliminated and the maximum at 270 m/x has only a slightly highei ex _ 
coefficient than the minimum A similar situation prevai s a P 
and, to a much lesser extent, at pH 12 0 The failme of a a 

to brmg out the expected peak m absorption at 240 m/I at p > 
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With the effects of alkali on the lelative extinction coefficients at 255 and 
270 nift, indicates that hot alkali has modified the absorption in the ultia- 
violet of tyiosine and probably of othei amino acids 

DISCUSSION 

The absoiption m the ultiaviolet of seram albumm can be mterpreted in 
terms of the absoiption of the tyiosme piesent m the molecule The cor- 
relation IS excellent at the maximum of 278 m/j. at all pH values studied, 
but foi the minimum at about 260 mu this corielation is good only in 
stiongly alkaline solutions (Fig 2) In less alkahne solutions the amino 
acids tiyptophan and phenylalanme as ivell as tyiosine contnbute toward 
determmmg the extinction coefficient of the minimum The change in 
shape of the cuive at 240 m/i of the serum albumm at pH 12 0 seems to be 
determined by the dissociation of the phenolic gioup of tyrosme Failure 
to find evidence of the phenoxide ion at pH 10 5 from the absorption of 
serum albumin at 240 m/i indicates that m the albumm molecule this group 
must be combmed The bond can baidly be a very stable one, however, 
for at pH 12 0 it is paitly broken, alloumg some of the phenolic groups to 
ionize A hydrogen bond seems to be the most plausible type of linkage 
to be involved A hydrogen bond might form between the ammo group 
of lysme, which extends 7 54 A from the backbone of the polypeptide cham, 
and the phenolic gioup of tyrosme, ivhich is also about 7 3 A from the back- 
bone (calculated from Pauhng (17)) Basic ammo acids other than lysme, 
however, might also be involved in foimmg this type of bond 

Smce the plateau in the curve at 240 mju of seium albumm at pH 12 0 is 
ascribed to the ionization of phenolic groups, it might be expected that a 
similar plateau (or even a peak) would occui in the curve for other proteins 
Crystallme msuhn (Armour) (final concentration 0 0667 mg per ml ) at 
pH 12 0 shows a definite peak m absorption at 241 mpi m addition to the 
usual maximum at 293 m^ In their study of msulm, Ciammer and 
Neubergei (18) attnbuted the shift with pH of the absorption maximum 
at 280 mfj, to lomzation of the phenohc gioup of tyrosme It is mterestmg 
to note that msuhn contams a much higher tyrosme content than does 
serum albumin and that its tyrosyl gioups are more reactive wath t 3 uosmase 
than aie those of serum albunun (19) Expenments are m progress to 
relate the absoiption at 240 mu at pH 12 0 of other protems to their tyrosme 
content and reactivity of the tyrosyl gioups 

The results of enzymatic hydrolysis in general confirm earlier data (see 
(8)) that proteases have practically no effect on the absorption of protems 
m the ultraviolet As a result of cleavage of peptide bonds by the enzyme, 
some of the bonds (hydrogen ?) attached to phenohc groups become broken, 
so that after digestion the phenoxide ions (as indicated by absorption at 
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240 m» are more apparent m strongly alkabne solutions On the other 
hand, hydrolysis by boiling m alkali has much more diastic effects m alter- 
ing the absoiption of serum albumm in the ultraviolet Smce phenohc 
groups are also released by alkah, the absorption at 240 mu m strongly 
alkahne solutions is also mcreased In view of the effects of pH and of 
alkali upon the absorption in the ultiaviolet, any quantitative methods for 
determmation of the aromatic ammo acids based upon their absorption m 
the ultiaviolet aviU require careful attention to experimental detail and 
caution m mterpretation 


The authois ivish to acknowledge the assistance m this lAork rendered 
by Miss Janette Robinson and by Mrs Glona Peacock 


SUMMARY 

The maximum and minimum absorption of tyrosme moves progressively 
to longer wave-lengths in the ultraviolet as the pH is increased above pH 
7 0 In solutions of pH 12 0 a second sharp absorption maximum appears 
at 240 mp, which is ascribed to the lomzation of the phenohc group of 
tyiosme The ultraviolet spectra of tryptophan shifted only shghtly wth 
pH, while those of phenylalamne are relatively independent of pH 
The ultraviolet absorption spectrum, and the effect of pH thereon, of 
bovine serum albumm can be interpreted almost quantitatively on the basis 
solely of the tyrosme present m the piotem The major difference hes at 
240 mp at pH 12 0, where serum albumm shows only a plateau m the ab 
sorption curve as compared vrth the peak foi tyiosme The difference is 
mterpreted as mdicatmg that in the protein most of the phenohc groups are 
bound, pi obably by hydrogen bonds, and aie not fiee to lomze When the 
protein is hydrolyzed by pepsin, tiypsm, or alkah, the phenohc gioups are 
set free to lomze, as is mdicated by an mciease m absorption caused by the 
phenoxide ion at 240 mp m strong alkah Although the action of proteases 
has httle additional effect on the over-all absorption, alkahne hydroljjsis 
modifies the shape of the absoiption curve, makmg it m general iinsuita e 
for quantitative analysis of the constituent ammo acids 

An absoiption maximum at 241 mp at pH 12 0 is also apparent ^ ® 
absorption curve of msuhn as n'ell as of serum albumm and can pro a y 
be related to the concentration of phenoxide ions m most protems 
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THE ACTION OF CHOLINE AND FAT ON LIPIDE PHOSPHORY- 
LATION IN THE LIVER* 

B\ CARIILLO ARTOIM and W E CORNATZER 

{From the Department of Biochemistry, Bowman Gray School of Medicine, Wake Forest 
College, Winston Salem, North Carolina) 

(Received for publication, June 21, 1947) 

Earlier studies with the aid of radioactive phosphorus as an indicator 
have shoivn that the late of the foimation of phospholipides in the liver of 
rats was definitely highei when the diet contained large proportions of fats 
(1) It seems probable that m these experiments adequate amounts of 
cholme or choline precursors were available to the animals On the other 
hand the administration of choline to rats on low protein diets markedly 
stimulates the turnover of liver phospholipides as measuied by the mtroduc- 
tion into their molecule of either radioactive phosphorus (2—4) or isotopic 
cholme nitiogen (5) In these studies only high fat diets were employed 

In the present mvestigation an attempt has been made to study, under 
strictly comparable conditions, the action of single laige doses of cholme 
or fat, 01 both, on the formation of phosphohpides m the liver of rats pre- 
viously mamtained on a low fat, low protein diet For the puipose of com- 
parison a few expel iments were made on rats maintained on an adequate 
stock diet Moreover, m most of our animals, determinations were also 
carried out on the lipides of the small intestine It was hoped that the 
results of these determinations could supply additional mfoimation on the 
lipide phosphorylation m the intestine after admimstiation of cholme and 
fat Prelimmary findmgs on this subject have already been described and 
discussed briefly (6) 

EXPERIiUENTAL 

Male albmo rats raised on a stock diet^ to 100 to 110 gm of body weight 
were maintained for 7 days on an experimental diet (Diet 26) containing 
casein 5 paits, dextrin 42, sucrose 42, Crisco 4 0, cod liver oil 1 0, salt mnx- 
ture (7) 4, Ruffex 2 0 A solution of pure B vitamms, m the amounts pre- 
viously indicated (8), was incorporated m the daily ration of the animals 
During the week on the experimental diet, the weights of the rats remamed 
unchanged, or, more often, decreased slightly 

* Aided by a grant from the John and Mary R MarUe Foundation Preliminary 
reports have been presented before the annual meeting of the Amencan Society of 
Biological Chemists, Chicago, May, 1947, and before the Seventeenth International 
Physiological Congress, Oxford, July, 1947 

1 Rockland Farms diet for rats, complete This diet contains approximately 25 
per cent protein and 5 per cent fat 
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In each experiment, four rats. A, B, C, and D, were employed, to which 
the foUowmg were given by stomach tube Rat A, water (1 cc ), Rat B, 
chohne chloride (30 mg m 1 cc of water) , Rat C, oil (2 2 cc )- and 5 minutes 
latei chohne chloride (30 mg m 1 cc of water). Rat D, oil (2 2 cc ) and 5 
mmutes later watei (1 cc ) 5 mmutes after the last administration, the 

rats weie mjected mtraperitoneally with a solution of Nn ^HP Oi containing 
radioactive phosphorus * The volume, the phosphorus content, and the 
ladioactmty of the solution mjected were identical m each experiment, 
but varied in diffeient experiments between 0 5 and 1 cc , 0 1 and 0 2 mg 
of P , and 1 and 3 nucrocunes, respectively These variations are shght 
enough not to mteifeie appreciably with a comparison between the results 
obtamed m the various experiments (9) 

After a certam time mterval from the mtroduction of radioactive phos- 
phorus, the four animals were killed by decapitation The hver and, 
usually, the small mtestme were removed, rapidly weighed, and mmced 
under alcohol The hpides were then extracted wnth hot alcohol, alcohol- 
ether, and chloroform On ahquots of the chloroform solution, the weight 
of the hpide extract, the phosphoius content, and the radioactivity were 
detei mined as previously described (10), except that for the radioactive 
measurements the chloroform solution, after bemg shaken with sodium 
phosphate, was centrifuged in glass-stoppered tubes and non-radioactive 
hpides from rat livers were used in brmgmg to a definite value the weight 
of the dry materials m both unknowns and standards The results of 
these measurements have been expressed m relative radioactivity umts 

(i r u ), the dose mjected mto the ammal bemg considered equal to 10''rru 

The number of r r u m the whole hver or small mtestme has been mdicated 
as the “total radioactivity ” In the calculation of the specific activity, m 
ordei to compensate for the shght differences m the size of the animals, 
the values for the hpide P were referred to the whole hver or the who e 
mtestme of a rat with a tenmnal body weight of 100 gm , and the spec c 
activity obtamed by dividmg the total radioactivity (m r r u ) by the cor 
rected values of hpide P (m mg ) 

In seveial experiments the cholme content of the chloroform extrac s 
was also deteimmed Thus, approximate values for the total phosp o- 
hpides (mg of P X 22 7), the chohne-contammg phosphohpides (mg o 


- A commercial preparation of partially hydrogenated cottonseed oi was 
Since notable portions of the oil remained in the synnge and m the s 
in several experiments the amounts of oil actually ingested by the amma s we 
mined, the values obtained by differential weighmg averaged ^j.[jjjeDt of 

3 The P^- used in these expenments was supphed by the Physics e 
the Massachusetts Institute of Technology, Cambridge, Massac use > ^ states 

Clinton Laboratories, Oak Ridge, Tennessee, on allocation from 
Atomic Energy Commission 
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chobne X 6 7), and the total hpides (weight m mg of the chloroform 
extract) could be estimated (11) In two expeiiments, a sample of the hver 
Avas e\ti acted noth tiichloroacetic acid, the inorgamc phosphate was pie- 
cipitated with the strychnomolybdic reagent, and the phosphoius content 
and ladioactivity Aveie determined m the piecipitate (10) Withm the 
limits of eiior of the determinations, the specific activity of the moigamc 
phosphorus was the same m the livei of Rats A, B, C, and D 

Results 

Detenninahons on Liver of Rats Killed at Various Intervals after Injection 
of — In these orienting experiments, the animals were kiUed 3, 6, 12, 
and 24 hours after the admimstration of the isotopic phosphate From the 
results (which aie not reported for the sake of brevity), it appears that, for 
each series of Rats A, B, C, and D, the specific activity-time curves of the 
lipide phosphorus m the hver exhibit the same general aspect In all four 
conditions, the values mcrease progressively during the fust 6 hours of the 
experiments, and become lower in the longer periods It might be men- 
tioned that in the experiments of Perlman and Chaikoff (2) the specific 
activities reached their peak about 8 hours after admimstration of the radio- 
active phosphorus 

Determinations on Liver of Rats Killed at 6 Hour Interval after Injection 
of P^- — In Table I the individual data obtained m the experiments made at 
this time mterval are recorded It is apparent that in the animals on Diet 
26 the total radioactivity values are mci eased after choline admimstration, 
and even more markedly when oil and chobne were given In most of 
these experiments, the analytical values for the hpide phosphoius exhibit 
changes in the same direction However, these changes are proportionately 
smaller than the correspondmg changes in the total radioactivity, con- 
sequently the specific activity values are also usually higher in Rats B than 
m Rats A, and highest in Rats C 

For both radioactivity and hpide phosphorus the values obtained after 
admimstration of oil and water are essentially the same as those found m 
the hver of rats receivmg water only ■' 

* Detailed values for total bpides and cholme-containing phospholipides are not 
reported for the sake of brevity In five expenments the average figures for the n hole 
liver of 100 gm rats maintained on Diet 26 and killed at the 6 hour interval n ere as 
follows Rats A, B, C, and D, total lipides, mg , 319, 2S1, 412, and 505, choline con 
taming phospholipides, mg , 40, 54, 63, and 42, choline containing phospholipides, 
per cent of total phospholipides, 46, 56, 61, and 47, respectively These values may 
perhaps be suggestive (for instance, for a lipotropic effect of choline even within the 
short time after its administration, and for changes in the amounts of lecithins 
proportionately greater than those in the total phospholipides), but, in view of their 
small magmtude and the extent of the individual vanations, none of these differences 
IS significant 
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As foi the expel iments on the lats on the stock diet, most of the figures 
foi the total radioactivity weie within the same range as those found in 
the liver of the corresponding Rats A maintained on the experunental diet 
Since, in agreement with previous obseivations (12), the hvers of the rats 
on the stock diet often had a higher phosphohpide content, the specific 

Table I 


Lipide Phosphorylation at 6 Hour Interval in Liver of Rats on Low Fat, Low 
Choline Diet (Diet 26) and on Stock Diet 


Expenmeat 

No 

Total radioactivity 
in lipides 

Lipide phosphorus I 

(in liver of lOQ gra rat) 1 

1 

Specific activity of 
Upide phosphorus 

Rat 

A 

HO 

Rat 

B 

Cho- 

Uno 

Rat 1 

c : 

Oil + 
cho 
line 

Rat 

D 

Oil + 
H 0 

1 

Rat 

A 

H,0 

Rat 

B : 
Cho- i 
' Jme 

Rat 

C 

Oil + 
cho- 
line 

Rat 

D 

OiI + 
H 5 O 

Rat 

HO 

Rat 

B 

Cho- 

line 

I Rat 

c 

Oil-f- 
1 cho- 
line 

Rat 

D 

OiH 

H.0 


Diet 26 



r ru 

rru 

r rti 

rru 

mg 

I m 

I mj 

1 VIS 


1 



1 

331 

514* 

653* 

363 

3 41 

5 

04 

5 

53 

3 

95 

97 


118* 

92 

2 

456 

495t 

495t 

385 


4 

90 

4 


4 

53 

99 

K 


85 

3 

446 

512 


449 

3 88 

3 

51 

6 

15 

3 

97 

115 

1 146 

134 

113 

4 

382 



385 

4 06 

4 

06 

4 

34 

4 

14 

94 


142 

93 

5 

307 

394 

586 

281 

3 57 

3 

83 

4 

41 

3 


86 

103 


86 

6 

362 

548 

669 

371 

3 15 

3 

86 

4 

21 

4 


115 

142 

159 

91 

7 

325 

493 

515 

325 

3 66 

3 

97 

4 

33 

3 

61 

89 

124 

119 

90 

Average 

373 



366 

3 76 

4 

17 

4 

66 

3 

1^ 

99 

117 


93 






Stock diet 









8t 

344 

382 

548 


4 35 

4 

20 

4 

94 



79 

91 

111 




483 





3 

86 





125 





652 





6 

04 





108 

89 

9 

516 

430 

481 

457 

6 73 

5 

66 

6 

50 

5 

13 

90 

76 

74 

10 

342 

437 

372 

390 

4 79 

5 

68 

5 

10 

5 

57 

67 

77 

73 

70 

11 

335 

359 

387 

378 

5 00 

5 

90 

5 

69 

5 

64 

67 

61 

68 

67 

Average 

384 

402 

487 

408 

4 97 

5 

36 

5 

36 

5 

45 

76 

76 

93 

75 


* These rats received 100 mg of choline chloride each 
t These rats received 45 mg of choline chloride each 

1: The five rats employed in this experiment -weighed bet-ween 200 and 250 gm 


activity values were usually lower than in the conespondmg lats on Diet i 
In one experiment (No 8, m which oldei lats weie employed), the effec s 
of the administiation of choline only, oi chohne and oil, were simiar o 
those described for the lats on the expeiimental diet 
other three experiments, no marked or consistent changes were no e 
givmg chohne, or chohne and oil, or oil only 
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Determinations on Small Intestine of Rats Killed at 6 Hour Interval after 
Injection of P^- — On the basis of previous results (6), the specific activity 
values foi the lipides of the small intestine leach their peak 6 hours after 
the injection of The additional data obtained in the present experi- 
ments at tlus time interval are recorded in Table II As in the liver, in 
the intestine of rats on Diet 26 the total radioactivity values were higher 


Table II 

Lipide Phosphorylation at 6 Hour Interval in Small Intestine of Rats 
on Low Fat, Low Choline Diet (Diet 26) and on Stock Diet 


-Experiment 

No 

Total radioactivity 
in lipides 

Lipide phosphorus 
(m small intestine of 100 gm rat] 

Specific activity of 
lipide phosphorus 

Rat 

A 

HsO 

Rat 

B 

Cho- 

line 

Rat 

C 

OiI + 
cho- 
iine 

Rat 

D 

Oil + 
HaO 

Rat 

A 

HiO 

Rat 

B 

Cho- 

line 

Rat 

C 

OiH- 

cho- 

line 

Rat 

D 

Oil + 
HO 

Rat 

A 

HjO 

Rat 

B 

Cho- 

lme 

Rat 

C 

Oil -H 
cho- 
line 

Rat 

D 

Oil + 
H:0 

Diet 26 


rru 

rru 

rru 

rru 

mg 

mg 

mg 

mg 





2 

123 

162* 

181* 

193 

2 67 

3 31 

3 12 

3 27 

46 

49* 

58* 

59 

3 

149 

169 

226 

140 

2 37 

.2 11 

2 83 

2 15 

63 

80 

SO 

65 

4 

125 

116 

308 

122 

2 36 

1 97 

3 11 

2 35 

53 

59 

99 

52 

5 

120 

184 

229 

125 

2 31 


3 42 

2 78 

52 

60 

67 

45 

(8 

120 

183 

209 

168 

2 14 

2 32 

2 43 

3 05 

56 

79 

86 

55 

7 

88 

171 

204 


2 05 

2 11 

3 23 

2 77 

43 

62 

63 

48 

Average 

121 

164 

226 

147 

2 32 

2 48 


2 73 

52 

65 

76 

54 

Stock diet 

9 

117 

145 

233 

187 

2 25 

2 79 

3 76 

2 79 

52 

52 

62 

67 

10 

121 

123 

177 

161 

2 37 

2 67 

2 95 

2 98 

51 

46 

60 

54 

11 


135 

163 

127 

2 17 


3 13 

2 36 

46 

52 

52 

58 

Ayer8g,e 

113 

134 

191 

158 

2 26 

2 69 

3 28 

2 71 


50 

58 

60 


* Tlbfise Bats received 45 mg of choline chloride each 


m Rats B, receivmg cholme, than in Rats A, to which no choline n as given, 
and highest m Rats C, which received both chohne and oil 

Similar mcreases were sometimes apparent m the lipide phosphorus 
figures Smce, however, these mcreases were relatively less considerable 
{lihan the mcreases m the isotopic values, the specific activity values n ere 
•gisiitei in Rats B than m Rats A, and, m four out of slx experunents, also 
grealter m Rats C than m Rats B In several experiments the admmistra- 
tvism of (Oil, even without cholme, appeared to cause a quite definite increase 
on both the radioactivity and the analytical values of the hpide phosphorus, 
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and, at least m two experiments (Nos 2 and 7), the specific activitj was 
also distmctly highei m Rats D than m Rats A ^ 

In the experiments on the rats mamtamed on the stock diet, the effects 
of cholme ivithout oil are less marked and approximately of the same magni- 
tude for the radioactivity and the lipide phosjphorus values On the other 
hand, all hguies, including those foi the specific activity, weie generally 

Table III 

Comparison of Effects of Choline or Choline and Fat on Lipide 
Phosphorylation in Rat Liver and Small Intestine * 

All rats were maintained on a low fat, low choline diet for 7 days and killed 6 houra 
after injection of P^- 




B- i 

C-D 

C-B 

(C-B)- 

tB-A) 

Liver (n = 12) 

Total radio- 

Difference between means 

107 6 

237 8 

123 1 

130 2 

activity 

t 

3 46 

S 06 

3 42 

4 24 

Specific activ- 

Difference between means 

17 6 

37 4 

13 5 

19 8 

ity 

i 

• 1 

1 98 : 

1 

4 07 

1 34 

2 35 


Intestine (n = 

= 10) 




Total radio- 

Difference between means 

43 4 


62 0 

mBk 

activity 

t 

3 35 


3 02 


Specific activ- 

Difference between means 

12 6 

21 5 

10 7 

8 9 

ity 

t 

2 18 

' 3 06 

1 32 

1 18 









* A, B, C, D are the means of the values for the total radioactivity (in r r u ) and 
the specific activity obtained in rats receiving water, choline, choline and oil, and 
water and oil, respectively, t is the test of sigmficance as apphed to the difference 
between means, n is the degree of freedom For n = 12 and n = 10 the values 
of t indicating a probability of a chance occurrence of 5 in 100 are 2 179 and 2 22S, 
respectively For a probability of 1 in 100, the corresponding values of t are 3 05a 
and 3 169 

higher m the mtestme after the simultaneous admmistration of oil and 
cholme, and also when oil and watei but no cholme were given 

Statistical Evaluation of Results of Determinations on Rats on Diot ^ 
Killed at 6 Hour Intel val after Introduction of P ^- — ^The numbei of the ta 

‘ It should be pointed out that our determinations were carried out on the whok 
mtestme Therefore, our values include the Iipides of the mucosa as well as t ose 
the muscle In the latter the formation of phospholipides occurs at a slower ra e^ 
If the radioactivity and the phosphorus had been estimated m the lipides o ® 
rated mucosa, one may well expect that the specific activities w ould have een 
higher Presumably also more marked differences betw een these values wo 
been found 
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available ib peihaps too bmall to allow quite definite conclusions How- 
evei, an attempt has been made to deteimine whether the average values 
foi the total i idioactivity and the specific activity, obtamed m each series 
of Rats A, B, C, and D, aie significantly diffeient The diffeiences between 
the means and the values of I (13) toiiesponding to these diffeiences aie 
reported in Table III Foi the total ladioactivity, the diffeiences expiess- 
ing the action ot cholnle iMthout oil {B — A) oi watli oil (C — D) veie foimd 
to be highly significant in both livei and intestme, with a piobability ot 
chance occuiience (P) less than 1 m 100 The specific activities weiesignif- 
icantly diffeient only when cholme w'as given with the oil 

The enhancement of the action ot cholme by the simultaneous adminis- 
tiation of oil might be indicated, eithei (1) by the diffeience between the 
average values obtamed m Rats C (leceiving oil and cholme) and Rats B 
(receivmg chohne alone), or (2) by the diffeience between the differences 
{C — D) and (P — A) The significance of the values obtamed with eithei 
method is high for the total ladioactivities m the livei (P < 0 01) In the 
mtestme, wheie the admimstiation of oil and water sometimes stimulated 
the hpide phosphorylation, only the diffeience (C — S) is significant As 
for the increases m the average specific activities when oil was given m 
addition to cholme, these mcreases do not appear to be significant m either 
the liver oi the mtestme, except perhaps for the difference (C — D) 
— (P — A) m the hver which exhibited a low degiee of significance 
(0 01 < P < 0 05) 

The differences between the average values m Rats A, receivmg water, 
and Rats D, receivmg oil and watei, aie not recorded m Table III How- 
evei, for both total radioactivity and specific activity, these differences 
were found not to be statistically sigmficant 

DISCUSSION 

The difficulties and comphcations mvolved m the calculation of quantita- 
tive values for the rate of phospholipide turnover after administration of 
are well known (1, 9, 14) However, fairly lehable indications concem- 
mg qualitative changes m this rate can be obtamed if the conditions of the 
experiments aie properly chosen In the piesent study, the specific activ- 
ity-time curves of the lipide phosphorus m the livei of Rats A, B, C, and 
D were determmed and, on the basis of the results obtamed, a 6 hour mter- 
val was adopted foi most experiments This tune interval is sufficient^ 
long to mmimize the effects of the variations of the specific activity of the 
morganic phosphoius m blood (xanations which are gieatest immediately 
aftei the mtioduction of P^-), but it still corresponds to the ascendmg part 
of the specific activity-tune curves, where synthesis of phospholipides in 
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the livei (oi transport to this organ) occurs to a degiee greater than thejr 
bieakdoivn (oi mobilization) 

In oui expel iments, most of the diffeiences between the total radio 
activity values weie statistically significant, whereas the differences between 
the specific activities were smaller and usually not significant This ap 
parent discrepancy probably depends upon the fact that the increases in 
the total 1 adioactivities weie accompanied often by mcreases in the lipide 
phosphorus values, indicating that the late of destruction (oi mobilization) 
of phosphohpides was not increased to the same extent as their fonnation 
Howevei, the inci eases in the lipide phosphoras were proportionately 
smaller than those m the total radioactivity This was not unexpected, 
since the radioactivity values meiely express the phosphohpides which 
have been synthesized after the introduction of P’-, whereas the lipide 
phosphorus figures include both the newly formed phosphohpides and those 
which had been foimed earlier One might thus understand that, while 
changes in the specific activity’’ have been actually detected in many experi- 
ments, these changes were less consistent and less extensive (and, therefore, 
exhibited a lower degiee of statistical significance) than the changes in the 
total radioactivity Other points which may also be important in this 
respect aie mentioned in foot-notes 5 and 6 

At any rate, under the conditions of our experiments, an inciease m the 
foimation of phosphohpides may be reasonably assumed when higher values 
for total radioactivity are found, and the specific activity values are also 
higher, or, at least, not lowei than m the control animals Accordingly, 
our piesent data confirm the stimulation of hpide ph )sphoryIation by a 
single dose of choline, which has been pieviously desciibed in the liver of 
rats on high fat diets (2, 4) It has now been shown that this stimulation 
occurs also in animals mamtamed on a low fat diet, but that it is markedly 
increased by the simultaneous admmistiation of a large amount of fat 

The latter finding appears to be m Ime with seveial pievious observations, 
such as the tempoiary increase of phosphohpides m the liver of dogs durmg 
the absorption of a fatty meal (15) and the incieased formation of phos 
pholipides m the isolated liver, when lipemic blood was used foi the perfu 
Sion of the oigan (16) An even moie direct comparison can be ma e 
between our present results and those of the study aheady mentione , m 
whrch the rates of hpide phosphorylation in the liver of rats on high fat an 
low fat diets weie compared (1) In that study, as pomted out ^previous y, 
the diets were probably not deficient m choline, moreover, no dep ® ^ 

period preceded the expeiiments If it is assumed that the 
choline or choline precursors may act as a limitmg factor for the 
of phosphohpides, the observations quoted above can be 
with our piesent finding that m rats on a cholme-deficient diet the a 
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tiation of fat without choline did not inciease the formation of phospho- 
hpides in the hvei 

In recent expeiunents, Bolhnan and Flock (17) also failed to find signifi- 
cant differences between the rates of lipide phosphorylation m the livers of 
rats maintained foi 2 oi 3 weeks on two low protein diets, one containing 
13 pel cent, the other 43 per cent of fat Supplementation of these diets 
with chohne caused an mcreased foimation of phosphohpides, but ap- 
parently to the same extent m both groups of animals On this pomt, we 
would hke to lemaik that changes in the rate of the synthesis of tissue 
constituents should be greater and therefore more easily detectable after 
admmistration of massive doses and m “acute conditions,” as m our exper- 
iments In expeiunents of longer duration and m which smaller amounts 
of the active substances are mgested m divided doses, one might expect 
that the rate differences will be less considerable and possibly withm the 
limits of error m the measurements or withm the mdividual variations of 
the animals It is obvious, however, that a relatively slight change m the 
rate of sjmthesis of a compound may lead m time to quite marked differ- 
ences m the tissue composition 

In this respect, it seems of mterest to compare our present findmgs witji 
the results of pievious determmations of the amounts of phosphohpides m 
the liver of rats mamtamed for 19 days on 10 per cent piotem diets which 
contamed variable proportions of fats (18) The level of both total and 
cholme-contammg phosphohpides m the livei was uniformly low When 
diets with a low fat content were supplemented with cholme, the lecithm 
level was only slightly mci eased, whereas when cholme was added to diets 
contammg 20 per cent or more of fats, the values for the cholme-contam- 
mg phosphohpides were elevated to a marked degree ® 

The results of our present experiments on the liver of rats on the stock 
diet are rather mconclusive It was thought that the drop m the phos- 
phohpide content of the liver, which was previously noted when lats on the 
stock diet were transferred to experimental diets (12), could possibly be 

® In tins investigation the increase m lecithins n as accompanied by a decrease in 
the non cholme phosphohpides Similar findings had been obtained in neanimg 
rats on both low and high fat diets supplemented with choline (19) Moreover, it 
has been reported recently that in the liver of dogs injected nith P’ the admmistra 
tion of choline increases the specific activity in the cholme-contaimng phosphohpides, 
whereas in the non chohne containing fraction the specific activity is definitely low- 
ered (20) The last observation may suggest another explanation for our present 
finding that after giving chohne or cholme and fat the increases in the specific activ- 
ity values are often not marked and exhibit a low degree of statistical significance 
Indeed, it seems likely that, also in our experiments, the stimulation of hpide phos 
phorylation m the liver by cholme, or cholme and fat, is essentially the expression 
of an increased formation of chohne contaimng phosphohpides 
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due to a decreased rate of phosphorylation in this latter condition Tbs 
possibility cannot be excluded (since the decrease may be small enough 
not to be demonstrable, see above), but it is certainly not favored by the 
comparison between the data obtamed m Rats A on the stock diet and in 
Rats A on the cholme-deficient diet, respectively Indeed, lower values 
for the specific activity were mostly found m the former nmmnls 

Our stock diet contams approximately the same proportion of fat (5 per 
cent) as Diet 26, but is richer m chohne and m proteins containing chohne 
precuisois One may imderstand that m the lats mamtamed on the stock 
diet the admmistration of additional amounts of chohne was only shghtly, 
or not at all, effective However, one would have expected that, after 
givmg cholme and fat, or even fat only, an mcrease m the rate of hpide 
phosphorylation would be detected m the hvei (as it has been found m the 
previous and present determmations on the mtestme of rats on the stock 
diet) Actually, only the lesults of one experiment correspond to tbs 
expectation WTule we have no simple explanation to offer for this dis 
crepancy, it should be pomted out that, besides the content of the diet in 
fat and cholme (or chohne precursors m the form of protems), a number of 
factors, mtrmsic and extrmsic, are possibly mvolved m the formation of 
hver phosphohpides Thus, m previous mvestigations on the phospho- 
hpide composition of the hvei of rats on experimental diets, it was noted 
that the effects of cholme admmistration were modified, to a more or less 
marked degree, by the age of the animal (19), by a previous period of “de- 
pletion” on the deficient diet (8), and by the nature of the carbohydrate 
component of the diet (21) Other known and unknown constituents of 
mixed natural diets could also be important Their presence m the stock 
diet may well be responsible for the discrepancy'’ between the results oh 
tamed m animals on this diet and those which we would have expected on 
the basis of experiments m which diets ■with a simpler and better denned 
composition were employed 

Aside from the findmgs on the animals on the stock diet, m the rats on 
the low fat, low cholme diet the effects of the admmistration of chohne 
and fat on the formation of phosphohpides seem to be substantially identi 
cal m the liver and m the mtestme The results of the additional detemii^ 
nations ivhich have been made on the hpides of this organ are in genera 
agreement with those reported previously (6), except that m the mtes me 
of rats on the deficient diet the admmistration of oil, even •without c o 
sometunes did cause a defimte mcrease m both total activity and spec 
activity Several explanations might be postulated for these 
findmgs, such as the existence of differences m the degree of choline ep 
tion, or m the extent of the synthesis of chohne by the tissues, possi 
abo by the mtestmal flora (22) 
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STTMMARY 

1 Eats maintained for 7 days on a Iotv protem, low fat diet, were given 
by stomach tube watei, or cholme, or oil and cholme, or oil and water 
The animals Tveie then injected with a solution of morgamc phosphate 
contammg radioactive phosphorus After certam time mtervals, the total 
radioactivity and the phosphorus content were determmed m the hpides of 
the liver 

2 The admmistration of a smgle dose of cholme stimulated the hpide 
phosphorylation m the livei This effect was defimtely enhanced by the 
simultaneous mgestion of a large amount of fat The admmistration of 
oil only was meffective 

3 These findmgs closely resemble those previously obtamed m s imila r 
experiments on the small mtestme Additional evidence for the action of 
cholme and fat on the formation of phosphohpides m this tissue is also 
presented 
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The hteiature on the metabolism of the lung is very scanty There are 
scattered observations on the metabolism of a particular substance by 
either the sliced or giound tissue, and on the presence of some enzyme 
in lung, but theie is no systematic study of its biochemical activities 
Furthermore, some of these obseivations were made on ground lung tissue 
(1) mthout comparison of the results thus obtained vuth observations on 
tissue slices On lupturmg cell membranes and on destioying the cellular 
architecture theie occurs not only destruction of some biochemical activ- 
ities but also appearance of otheis normally inhibited in the mtact ceU 
Studies on the metabohsm of the lung, as performed in slices and m ground 
tissue, are presented m this paper 

EXPEBBIENTiL 

The lung shces were made free-hand with thin lazor blades and were 
received m ice-cold Ringer-phosphate buffei The ground tissue was pre- 
pared by being ground first m a mortal cooled at 0°, and then homogenized 
in the Potter and Elvehjem homogemzer (2) O 2 uptake and CO 2 fonna- 
tion weie measured with the usual manometric technique of Warbuig 
Respiratory quotients were determined accordmg to the method of 
Warburg and Yabusoe (3) Lactic acid was determmed colorimetrically 
accoiding to the method of Millei and Muntz (4) NH 3 was determmed by 
a modification of the distillation technique of Conway (5) Pyruvic and 
a-ketoglutaric acids were deteimmed by the method of Fiiedemann and 
Haugen (6) Citric acid was determined colorimetrically by the method 
of Pucher et al (7) Diphosphopyridme nucleotide (DPN) was determmed 
by a modification of the method of Jandorf, IHempeiei, and Hastings (8) 
In this method, based on the enzymatic conversion of hexose diphosphate 
into phosphoglyceiic and glycerophosphoiic acids by an extiact of muscle 
acetone powder and DPN, it is necessaiy to destioy the DPN' remaining in 
the muscle powder Jandoif et al used for this purpose charcoal adsorp- 
tion We found this pioceduie unreliable and we have replaced it by the 
enzymatic destruction of DPN ivith ground lung tissue which is extremely 
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iich in nucleosidase The giound, homogenized muscle is mixed rath 
giound lung tissue and incubated for 30 minutes at 38°, after wbcli it is 
centrifuged The supernatant fluid is then treated accoidmg to Jandorf 
et al Succmic acid was determined manometrically with pigeon breast 
succmoxidase 

Respiration of Lung Slices and Giound Lung — The lespiration of lung 
slices fiom adult rats gave values as reproducible as those obtamedrath 
other tissues of the body The QOi (c mm of O 2 uptake pei mg of dij' 

Table I 

Respiration of Rat Lung Slices 


Buffer, Ringer-phosphate , pH, 7 4, O* as gas phase , temperature 38°, no substrate 
QO 2 — c mm of Oj uptake per mg of dry tissue per hour Each experiment is the 
average of three determinations 


Animal No 

Slice, OOi 

Ground tissue, QOi 

1 

6 78 

0 68 

2 

8 23 

0 77 

3 

6 68 

0 81 

4 

7 68 

0 71 

5 

7 67 

0 80 

6 

8 58 

0 77 

7 

8 11 

0 73 

S 

7 17 

0 75 

9 

8 97 

0 65 

10 

8 58 

0 85 

11 

6 18 


12 

7 11 


13 

8 44 


14 

7 88 


15 

7 66 


16 

7 70 

— 

Average 

7 70 ± 0 60 

0 75 ± 0 05 


weight per houi) was 7 70 ± 0 60 (Table I) This value is in agreemen 
with that obtained by Laser, 7 8 (9) The Os uptake of the groun u^, 
measured immediately after grinding and soon after tempeiature eq 
bration of the manometers (12 minutes), was 0 75 ± 0 05 This 
drop m respiration of the giound tissue is remarkable and has no conn 

part m any other tissue + 1 , t f anV 

The rate of O 2 uptake of the shoes was kept as constant as a 0 
other tissue shoe, as can be seen in the experiment reported m ig 
contrast with this constant rate obtamed m slices, the respiration 0 
tissue fell abruptly from the 1st hour, ceasmg completely at t e en 
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3rd hour It ib \scll known th it the Oj uptake of ground tissue falls lapidly, 
although m bome lUst inces, ib in muscle, a steady state could be maintamed 
on addition of sm ill amounts ot tumaiate (10) In giound lung, fumaiate 
addition h id no chcct at ill 

The iCbpiratoi}" quotient of lat lung slices was 0 85 (Table II) 

Sptcict, Diffocncc — In T ible III aie given data foi the Oj uptake of lung 
slices of dilTeient inimal species In these e\peiiments the O 2 uptake was 



Fig 1 Respirationof lung slice and ground lung O, uptake per mg of dry n eight 
Curve 1, lung slice, Curve 2, ground lung 

measured with and -without succinate The QOt values vaned as follows 
rat > rabbit > guinea pig > cat > pigeon The addition of succinate 
inci eased the O 2 uptake by 30 per cent in the rat, 26 per cent m the cat and 
pigeon, and 17 per cent m the rabbit lung 

Utilization of OxidizaUe Suhstiates — There aie animal tissues, such as the 
kidney and the heart, whose basal O 2 uptake is greatly increased on addition 
of OMdizable substrates Othei s, like the liver, are not very much affected 
The O 2 uptake of lung slices was not altered by the addition of glucose, 
he\ose-6-monophosphate, he\ose diphosphate, citrate, fumarate, malate, 
P 3 uuvate, a-ketoglutarate, and histidme Alanine and acetate produced a 
small increase The only substrates producmg a defimte mcrease on the 
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O2 uptake ueie lactate, succinate, aspartate, histamine, and ^-hydroxybu- 
tyiate (Table IV) This failuie of a large number of oxidizable sub 
strates to increase the O2 uptake of lung slices was not always due to lack of 
utilization, for glucose, a-ketoglutarate, pyruvate, citrate, alamne, gluta- 
mate, and aspartate were utihzed, as was demonstrated by chemical analysis 
(Table V) Although utilization of these substrates was rather low when 
compared to utilization by the lodney or the liver, it compares well mth 

Table II 

Respiratory Quotient of Lung {Rat Slices) 
Rmger-phosphate, pH 7 4, O 2 as gas phase, substrate, glucose, 0 01 u, tempera 
ture 38° 


Rat No 

QOi 

QCOj 

HQ 

1 

7 05 

6 34 

0 90 

2 

7 80 

6 71 

0 86 

3 

7 72 

6 42 

0 83 

4 

7 86 

6 61 

0 84 

5 

7 70 

6 32 

0 82 

Average 

7 62 

6 48 

0 85 


Table III 

Respiration of Lung {Slices), Species Difference 
Buffer, Ringer-phosphate, pH 7 4, succinate, 0 01 m, Q succinate, c mm of sue 
cinate utilized per mg of dry weight per hour 


Species 

QOt 

QOs succinate 

Q succinate 

Rat 



2 02 

Rabbit 



Guinea pig 

Cat 




Pigeon 





that observed in the prostate (11) Pyruvate utilization was greyer in 
the presence of O 2 than m N.-CO 2 , giving an ovidismutation coeflacien 
(pyruvate utihzed in 02-C02)/(pyruvate utihzed m N 2 -CO 2 ) of 1 3 
zation of histamine was high when compared to that of ammo aci s 
carboxylic acids There was no NH 3 formation from cysteine or cys 
Glycolysis — Laser (9) reported foi the anaerobic glycolysis of ung s i 
a value of 1 (c mm of CO 2 produced per mg of dry 
hour) Sunon el al (12) gave values between 1 5 and 2 20 
found m this laboratory was higher, namely 4 54 The aero ic g y 
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as mcvisuied by 1 ictic icicl deteimination, was 1 94 (Table VI) Whether 
this \ due foi the aeiobic glj'colysis was paitly due to the glycolysis of the 
blood contained in the tissue was not determined The ground tissue lost 
the ability to feinient glucose, as is shown by the lack of lactic acid forma- 
tion w hethei lei obically or anaerobically 

Oridalions Piodiiccd by Giound Lung Tissue — The O 2 uptake of ground 
lung tissue was increased on addition of succinate, histamme, cholme, and 
t^ramine (Fig 2) Substances which weie oxidized by lung slices, such as 

Table IV 

Effect of Oxtdizablc Substrates on Oxygen Uptake of Lung (Rat Slices) 


Buffer, Ringer-phosphate, pH 7 4, substrate concentration, 0 01 m 


1 

Substrate 

QOs values 

Increase 

No substrate 

With substrate 

Glucose 

7 68 

7 58 

per cent 

None 

Hexose 6 monophosphate 

7 68 

7 49 j 


Hexose diphosphate 

7 68 

7 55 


Lactate 

7 67 

9 52 

24 

Malate 

7 67 

8 00 

None 

Citrate 

7 70 

7 80 

« 

Fumarate 

8 52 

8 49 

U 

Succinate 

7 67 

10 02 

30 5 

Pyruvate 

8 23 

8 06 

None 

a-Ketoglutarate 

8 23 

8 36 


DL-Alanine 

6 78 

7 48 

10 3 

Aspartate 

6 78 

7 88 

16 

Glutamate 

6 78 

8 07 

19 

Histidine 

7 17 

7 50 

None 

Histamine 

7 17 

8 44 

18 

g Hydroxybutyrate 

8 11 

9 29 

14 5 

Acetate 

7 88 

8 62 

8 5 


pyruvate, lactate, aspartate, were untouched by the giound tissue One 
of the factors for the loss of oxidative power seems to be destruction of DPN 
This was sliowm in experiments wnth jS-hydroxy butyric acid the O 2 uptake 
remained unaffected on its addition, there was mcrease of O 2 uptake and 
oxidation of /3-hydroxybutyrate on addition of 1 X 10“^ ai DPN 
Adenosine Deaminase in Lung Tissue — Conway and Cook (13) found 
that tissue extracts deaminated adenylic acid without previous dephos- 
phorylation According to these investigators, the appendix, jejunum, 
and spleen had the highest adenosine deammase activity, the kidney, bram, 
and lung had 20 per cent of the activity of spleen, the liver 10 per cent. 
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The QO 3 values of giouad tissue, on the other hand, weie only one-tenth 
that of slice and at the end of the 3id houi the O 2 uptake stopped One 
of the most impoitant factors for this fall m lespiration seems to be the 
lelease of nucleosidase, m fact, lung tissue was found to be the richest m 
this enzjrme of all tissues exammed In the mtact cell this enzyme is kept 
out of contact ivith pyiidme nucleotides, as is shown by the fact that in 
tissue slices aie found biochemical leactions lequiiing pyridine nucleo 
tides, ivheieas m the giound tissue these reactions (glycolysis, utilization 
of lactate, glutamate, d-hydioxybutyiate) did not occur This sudden 
release of nucleosidase on damage of the lung might play a considerable 
role in the mechanism of action of some lung irritants 
The O 2 uptake of lung slices was mci eased above 10 per cent only by 
succmate, histamme, /J-hydioxybutyaate, glutamate, aspartate, lactate, and 
alanine The O 2 uptake of ground lung tissue was mcreased only by sue 
cinate, hexose monophosphate, histamine, tyi amine, and cholme 
The anaeiobic glycolysis of lung slices was Qcd. d 54, the aerobic gly- 
colysis, 1 94 Giound tissue showed no glycolysis 
The O 2 uptake of lung tissues m dififeient animal species had values 
deci easing as follows rat > labbit > guinea pig > cat > pigeon Ade- 
nosme deatmnase was found abundant m lung tissues Carbonic anhydrase 
was also present 
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STUDIES ON BIOLOGICAL OXIDATIONS 

XXII THE METABOLISM OF THE BONE MARROW* 
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(Received for publication, June 19, 1917) 

A lelatively small amount of woik has been done on the metabolism of 
the bone maiion Van Bieza (1) m 1926 fust measured the O 2 uptake 
of teased piepaiations of labbit bone mairow and reported QO 2 values of 
3 5 to 5 0, calculated on a fat-free, diy weight basis Fujita (2) found an 
mitial QO 2 value of 12 9, falling to 0 m 3 hours in suspensions of cells sepa- 
rated from the maiiow by shakmg it in Rmgei -phosphate buffer Oir 
and Stickland (3) lepoited an aveiage QO 2 of 3 9 Waiien (4) lepoited a 
QOs value of 6 1 in serum and 3 7 in Ringei -phosphate solution In a 
senes of papeis smee 1940, Warren studied the effects of lespuation and 
glycolysis of variations in cellulai components (5), of loweied oxygen ten- 
sion (6), of potassium aisenite (7), and of thiouiacil (8) 

The bone mairow is the site of gieat cellular activity because cells aie 
contmuously bemg formed m this tissue We have chosen it foi this reason 
for the study of condensation leactions leadmg to synthesis It was neces- 
sary, however, to deteimine the rate and extent of enzymatic reactions 
which presumably aie used to provide eneigy foi these synthetic leactions 
We present m this papei data on the utihzation of oxidizable substiates 
and on the normal content of some coenzymes 

EXPERIMENTAL 

The bone marrow was obtained from normal, healthy adult labbits 
weighing about 2 kilos The animals were killed by decapitation and the 
marrow was lemoved as a sausage from the femora, humeri, and tibiae 
The sausages weie sliced free-hand, minced with a lazoi, giound in a loose 
glass homogemzer, and shaken to dismtegration or teased in Rmgei -phos- 
phate solution 

Because of the great variation m fat content of bone mairow it is im- 
possible to use wet weight 01 dry v eight as a basis foi calculation of 
metabolic activity Orr and Stickland (3) deteimmed the ratio of nitrogen 
to fat-free dry weight of normal mairow and reported a value of 14 6 per 

* This investigation was supported by a grant made by the Jane CofiELn Childs Fund 
for Cancer Research 
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cent In the expeunients repoited here, w et \n eights b ere measured either 
directly on a Match-glass oi by adding the tissue to a taied tube containing 
a weighed amount of water The tissue was then thoroughly ground in 
a glass homogemzei and ahquots taken for fat-free dry weight and nitrogen 
analysis Foi the former determination, a 1 cc ahquot was tiansferred 
to a taied centiifuge tube and dned m the oven overnight at 105° The 
residue was extracted once with 10 cc and twice with 5 ce of petroleum 
ethei Care was taken to pulvenze thoioughly the tissue with a glass 
pestle durmg the extractions The petroleum ether was removed each 
time by centiifugation at 3° and the residue w'as weighed after drying to 
constant weight Nitrogen detennmations were made upon a similar 

Ti.ble I 

Relation between Wei Weight, Fal-Frce Dry Weight, and Total Nitrogen in Normal 

Rabbit Bone Marrow 
All samples started with a wet weight of 1000 mg 


Experiment 

Fat free dry weight 

Total mUogen 

Nitrogen „ 

Fat free diy weigiit 


mg 

ms 


1 

126 5 

14 4 

11 42 

2 


12 1 

11 86 

3 


12 5 

12 10 

4 

! 125 S 

14 6 

11 10 

0 

144 3 

14 8 

10 35 

6 

142 5 

15 8 

11 12 

7 


12 1 

11 97 

Average 

121 ± 16 

13 8 ± 1 3 



ahquot The results of one such senes of expeiiments are shown in Table 
I The figure for mtiogen to fat-free dry w'eight X 100 of 11 42 is lower 
than that obtamed by On and Stickland It was decided to express the 
results first m lelation to total mtrogen and convert the result afterwards 
to fat-free dry weight to obtam the customary QOa values Diphospho- 
pyndme nucleotide was determined by the method of Jandorf et al (9) as 
modified by Barron et al (10) Diphosphothiamme wms determined by e 
method of Lohmann and Schuster (11) as modified by Ochoa and e era 
( 12 ) 

Bone Mai low Respiialion — The respiration of the bone marrow 
that of othei tissues, is decreased on grmdmg the tissue In the 
of Ringer-phosphate buffer the QO« value of shoes was 3 29, wMe a 
nunced tissue (bone marrow teased with forceps and dispersed y = 
in. Rmget's solution) was 2 10 (Table II) Furthermore, the respir 
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of slices remained constant foi at least 2 houis, while that of minced tissue 
was constant for only half an horn In Table III there aie given data on 
the respii ition of bone mariow slices suspended in Ringer-phosphate so- 
lution and in the phosphate buffer prepared according to Orr and Stickland 
The QO 2 values in the lattei buffer were slightly higher than those in Ringer- 


Table II 

0. U plakc of Bone Marrow, Sliced and Minced Tissue 

QOi values 


Slice 

Mmced tissue 

2 75 

2 01 

3 96 

2 43 

4 02 

2 76 

2 53 

1 62 

3 19 

1 67 

Average 3 29 

2 10 


Table III 

O 3 Uptake of Bone Marrow Suspended tn Ringer-Phosphate Solution and in Orr’s 
Phosphate Buffer, Both Containing 0 01 it Glucose 


QOi \ alues 


Ringer phosphate 

Orr s buffer 

2 20 

2 67 

2 74 

3 14 

2 67 

3 74 

4 25 

4 01 

3 90 

3 47 

3 87 

4 08 

2 78 

3 79 

2 72 

2 97 


3 79 


3 47 


3 44 

Average 3 M ih 0 65 

3 51 ± 0 34 


phosphate solution All succeeding respiration experunents were per- 
formed ivith bone mairow shces in the Orr and Stickland buffer 

UUhzation of Substrates by Bone Mai t ow — The O 2 uptake of bone marrow 
shces did not increase on addition of glucose (0 01 n) The anaerobic 
glycolysis was inhibited by glyceraldehyde (0 005 m) by 50 per cent dunng 
the 1st hour and by 70 per cent m the 2nd hour (Fig 1), an mdication that 
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METABOLISM OF BONE MARROW 


glycolysis m bone mariow is glucose glycolysis instead of glycogen gly 
colysis 

Addition of pyiuvate produced no effect on the O 2 uptake, although 
chemical analysis showed utilization In the piesence of O 2 the Q pjTuvate 
value was 1 61 ivith a lactate formation of 0 16 The utilization of py- 
iuvate in the absence of O 2 (N 2 as gas phase), which may be considered as 
a dismutation process, was 0 75, with a lactate formation of 0 28 These 
values would give an oxidismutation coefficient for pyruvate utilized in 
to pyruvate utilized in N 2 of 2 12 (Table IV), which is highei than the 
values foi other tissues leported by Baiion (13) These expeiiments are 



Fig 1 Effect of glyceraldehyde on anaerobic glycolysis of rabbit bone marrow 
slices Curve 1, control. Curve 2, control 0 005 m glyceraldehyde 

an indication that the mam pathway of pyruvate metabolism is the om 
dative pathway 

Lactate (0 01 m) had no effect on the O 2 uptake 

The respiiation of bone mariow shces was increased by about 21 per cent 
on addition of acetate (0 01 ai) This mciease in the O 2 uptake was ac 
compamed by utihzation of acetate, the average Q acetate bemg 1 89 w c 1 
is lemarkably high when compaied mth the total O 2 uptake, 4 56 (Table ) 
Furthei proof of acetate metabolism by the bone marrow was obtaine 
bj'’ the mliibition of its lespnation mth fluoroacetate, a halogen acid " ^ ' 
was found by Baitlett and Ban on (14) to be a specific mhibitor of ace a e 
oxidation The O 2 uptake of bone mairow in Bmger-phosphate so u ion 
was inhibited by fluoioacetate 48 per cent m the 1st hour and up to P 
cent m the 3id hoiii This inhibition mcieased in the presence 0 
(Fig 2) Utilization of acetate was completely inhibited by fluoioaw 
Moreover, there was an accumulation of acetate of 0 41 c mm per m 
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diy weight Fluoioacet ite (0 01 m) inhibited 45 per cent the utilization 
of pyuivate b^ the bone maiiow, in agieement with similar findings of 

Table IV 

Piinivalo Metabolism by Bone Marrow 


1' igurcs in c mm per mg of fat free dry weight per hour 


QO. 

Q piruvatc 
in 0} 

Q pyruvate 
m Ni 

Lactate formation 

InO 

InNj 


0 96 

■Bi 

0 127 

0 259 


1 15 


0 148 

0 263 


1 48 

1 13 




1 47 




3 99 

2 00 

0 605 



3 67 

1 21 

0 666 



3 28 

1 52 




3 15 

1 59 

0 540 




1 61 





1 75 

0 915 



3 50 

1 04 




3 42 

1 08 

i 



3 40 

2 54 

1 17 

0 260 

0 310 

3 50 

2 28 

0 768 

0 226 

0 361 

3 42 

1 87 


0 121 

0 280 

3 82 

2 18 

0 545 

0 074 

0 224 

Average 3 51 

1 61 

0 75 

0 16 

0 28 


Table V 

Acetate Metabolism by Bone Marrow 

Acetate concentration, 0 01 si Figures in c mm per mg of fat free dry weight 
per hour 


QOj 

QO acetate 

Q* acetate 

3 72 

4 10 

-2 18 

3 70 

4 32 

-1 77 

4 50 

4 71 

-2 23 

4 00 

5 22 

-1 38 

3 40 

4 75 


3 30 

4 25 


Average 3 77 

4 56 

-1 89 

1 


* Q acetate values were obtained in independent experiments 


Bartlett and Barron (14) m the kidney and liver Other fatty acids m- 
creased the respiration of bone mariow, an mdication of the important 
role of fatty acid metabolism m this tissue 
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Baitlett and Barron (14) have given evidence m favor of the view that 
pyruvate, and hence carbohydrate, in the presence of oxygen, is utilized 
mainly via pyruvate oxidation to acetate Further oxidation would then 
proceed through Krebs’ tricaiboxylic acid cycle, starting noth the con- 
densation of acetate and oxalacetate to give citiate or isocitrate In 
Table VI data are given on the effect of the different substances formed 
in this cycle on the O 2 uptake of bone marrow Citrate and a-ketoglu 
taiate had no effect, although there was utilization of these substrates 
0 3c mm of citrate per mg per hour and 0 13 c mm of a-ketoglutarate 



TIME IN MINUTES 

Fig 2 Effect of fluoroacetate ou the oxygen uptake of rabbit bone marrow \'itk 
and without acetate Curve 1, acetate (0 01 m), Curve 2, acetate + fluoroace a 
(0 01 m), Curve 3, control, Curve 4, fluoroacetate 


Fumarate and malate had small effect The maximum increase was oun 
on addition of succinate and of oxalacetate + acetate ^ 

Bone marrow contained veiy little citiic acid (8 7 pei nig of K, * « ^ 

per mg of dry weight) On incubation in the presence of oxalaceta ® '• 
m) and Os as gas phase there xvas citric acid synthesis (0 6 c mm per o 
of fat-free dry weight per hour) In the presence of oxalaceta e ^ ^ 
ruvate (0 01 m) there was some increase m citric acid formation 1 
p“. mg per hour) Such au mcrease was not observed whea 
Late (S 01 M, replated pyruvate (0 7 o mm ) Bone -rroj 
aconitase, as can be seen m the experiment plotted m Fig 
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fomiatioa of citiic acid from as-aconitic acid was measured The Q acom- 
tase value, 6 9 (c mm of citiic acid foimed per houi per mg of drj'- weight) 

Tablb VI 

Effect of Suhstancea Belonging to Krebs’ Cycle on 0. Uptake of 
Bone Marrow (Slices) 


iUI the substrates were added to give 0 01 m Buffer, Orr and Stiekland Ringer- 
phosphate solution 


Substance 

QOi 

Increase 

Q substrate 

None ^ 


per cent 

c mm 

Citrate 


None 

0 3 

a-Ketoglutarate 

3 9 


0 13 

Succinate 


41 


Succinic semi aldehyde 


14 


Fumarate 

4 05 

6 


Malate 

4 05 

6 


Oxalacetate 

5 1 

34 


“ + pyruvate 

4 85 

28 


“ 4- acetate 

5 4 

42 


Acetate 

4 6 

21 

1 8 



Fig 3 Acomtase in rabbit bone marrow 1 gm of marrow ground i\ ith 5 volumes 
of phosphate buffer (0 1 m), diluted to 40 cc , and centrifuged 4 cc of supernatant 4- 
4 cc of Ringer’s solution 4- 4 cc of 0 1 m phosphate buffer -f 4 cc of 0 1 ji sodium 
cis-acomtate incubated at 38° for 1 hour Aliquots withdrawn at 15 minute intervals 
for citrate analysis 

IS about that of testis, reported by Johnson (15) The cytochrome oxidase 
content of bone marrow found by Schultze (16) has been confirmed m this 
laboratory 
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That the metabohsm of bone marrow goes m part through the ICrebs’ 
tricarboxylic acid cycle is indicated by the inhibition produced by malonate 
Penetration of malonate through cellular membranes was demonstrated 
by complete inhibition of the extra O2 uptake due to succmate oxidation 
We have no explanation for the small mhibition produced with oxalace- 
tate, an inhibition which was less than that produced on the O2 uptake of 
tissue with no substrate (Table VII) 

Amino acid metabohsm seemed to be low m the bone marrow Gluta- 
mate and aspartate had the same lack of effect on the O2 uptake, and a 
very small amount of NH3 was foimed in the expeiiments vuth glutamate 
(0 02 c mm per mg of fat-fiee diy weight per hour) There was no NH3 
formation m the absence of glutamate 
No cholme oxidase was found m ground, washed bone marrow suspen- 
sions, a finding which is surprising because of the important r6ie of cholme 
m some of the functions of bone marrow 


Table VII 

Malonate Inhibition oj Bone Marroio Metabolism 
Malonate concentration, 0 03 m, substrate, 0 01 si 


Substrate 

OOi malonate 

QOi control 

Inhibition 


c mm 

cmm 


None 

2 94 

4 25 


Acetate 

3 06 

4 32 


Oxalacetate 

3 72 

4 46 


Succinate 

3 14 

5 63 



Di'phosfho'pyindine Nuchoiide (DPN) and Diphosphotluamine For the 
estimation of DPN, the maiiow was placed immediately m watei heated to 
90° After heating for 5 mmutes the tissue was homogemzed, centrifuged, 
and the supernatant fluid was used foi analysis of DPN The low values 
obtamed suggested the presence m the tissue of a nucleotidase, which was 
confirmed by experiments m which DPN destruction by ground bone 
marrow was obseiwed When the marrow was placed m 1 pei cent mw 
tmamide immediately aftei removal from the bone, as leconunende } 
Mann and Quastel (17), values 3 to 4 times as high were obtained ( a e 
VIII) The aveiage value, 121 7 per gm of flesh tissue, is higher a 
that of erythiocytes (100 7) and approaches that of kidney (160 t) 

The results of a senes of deternunations of diphosphothiamine are s or 
in Table IX The aveiage value of 2 26 7 per gm of fresh tissue, t ® ^ 

figure of all tissues, could not be mcreased by modifying the techniq 
extraction 
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A few experuneiits weie performed with erythroid mariows (phenyl- 
hydrazine poisoning) iiid granulocytopenic maiiows (pioduced with nitro- 
gen mustards) Both seemed to have lowei values of DPN 
Effect of Suum and Boiled Yeast Juice on Bone Marrow Respiration — 
Warren (1) showed that the lespiration of bone mariow was inci eased when 
suspended m serum The supernatant fluid obtained from serum heated 


Table VIII 

Diphosphopyridtnc NuclcoUde Content of Bone Marrow in Presence and in 
Absence of Nicotinamide 


With nicotinamide 

1 

No nicotinamide 

Per gm fresh tissue 

Per mg Ns 

Per gm fresh tissue ■ 

Per mg Nr 

y 

7 

7 

7 

m 

8 84 



90 

6 68 

32 

2 33 

138 

10 06 

44 

, 3 21 

134 

9 80 

22 5 

3 01 


Table IX 


Diphosphothiamtne Content of Bone Marrow 


Pergm fresh tissue 

Per mg N» 

7 

7 

3 09 

0 246 

2 96 

0 233 

2 30 

0 157 

2 46 

0 177 


0 128 

1 72 

0 122 

1 85 

0 129 

2 02 

0 143 

1 70 

0 119 

Average 2 26 

0 161 


for 5 minutes at 100° increased the O 2 uptake of bone mairmv slices by 
42 pel cent (Fig 4) This fluid contamed 0 5 mg of N 2 pei cc and 
gave positive sulfosalycyhc acid and biuiet tests The fluid contamed no 
succimc acid The ash of whole seium was mactive We were unable to 
isolate the active constituent by banum or alcohol piecipitation The 
active material passed completely through a heavy cellophane membrane 
Attempts to isolate it by adsorption on ion exchange resins failed (the resms 
used were Amberhte IR-4 and IR-100 made by The Resmous Products and 
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Chemical Company) The active mateiial was extracted by ether After 
completion of this work, Warren (18) published the lesults of his attempts 
to isolate this active prmciple 

Boiled yeast juice mcieased the O 2 uptake of bone mairow by 80 per 
cent A mixture of diphosphopyridme nucleotide, diphospho thiamine, 
and adenosine triphosphate caused only 10 per cent increase in the respi- 
lation 

Folic aSid, as the sodium salt (150 y), had no effect on the respiration of 
bone maiiow 



Fig 4 Effect of serum ultrafiltrate and boiled yeast juice on respiration of rabbit 
bone marrow slices Curve 1, boiled yeast juice, Curve 2, serum ultrahltnu , 

3, control 


StrUMABY 

Although the bone marrow is the site of gieat 
studies reported in this paper have not revealed comparab ^ 
actix ity The QO^ values (3 6) resemble those of tissues 
tion, and, of the numerous substiates added, only glucose, ^ q, 

acetate ^ere utilized vigoiously The large utilization 0 
as compared with its utilization in N* and powerful acetate 
strong indication that carbohydrate utilization to acetate 

directed m the presence of Oo towards respiration b> 

and further utihzation of this fatty aci n synthesis 

fluoroacetate is further proof of this contention There was some yi 
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of citric icid, ind aconitase \sa ,3 pi esent in the tissue The lespiiation was 
putiall> inhibited by malonate, an indication that some portion of the 
lespn ition goes tluough the tiicaibo\ylic acid cycle of Krebs It is diffi- 
cult to e\pl im the f uluie of bone m iiion to utilize glutamate adequately 
The diphosphop>iidmc nucleotide content of the bone mairow (121 7 pei 
gm ) compaicd favoiably with that found in othei tissues, although the 
diphosphothiamme content (2 2G 7 pel gm ) w^as lathei low The lespira- 
tion of bone maiiow’ was incieased on addition of boiled yeasl juice, folic 
icid had no effect 
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Our studies ot noimal aud abnoimal subjects have demonstiated that the 
postabsorptive levels of the free ammo acids of the plasma lemain within 
rathei naiiow noimal hmits except m veiy extieme teiminal conditions 
This investigation was made to determme whethei the levels of aU of the 
ammo acids in the plasma are maintained by the same mechanism and 
whether there aie any cioss-ielationships between the vanous ammo acids 
By feeding a lai ge dose of a single ammo acid, the plasma level of that ammo 
acid IS raised much above noimal This disturbance of the nonnal blood 
pattern gives some mdication of the mterielationships existmg between the 
free ammo acids of the plasma 

Earher workers have made similar studies of the effect of smgle ammo 
acids on the blood ammo mti ogen level, but no studies have been made of 
the effect of ingestion of one ammo acid on the level of the other individual 
ammo acids m the blood 

Seth and Luck (1) fed by gavage vaiious ammo acids in water to rabbits 
in amounts equivalent to 560 mg of ammo nitrogen pei kilo They found 
that glycine, alanine, and histidme caused maiked increases m ammo 
nitrogen, whereas leueme, tryptophan, glutamic acid, aspartic acid, and 
cystine caused very slight if any incieases In a latei study with rats 
Luck (2) found that when glycine or alanine was given to lats there was a 
marked mcrease m amino niti ogen, whereas the dicarboxyhc acid fraction, 
the hexone base fraction, and the monoamino acid fraction from casein 
caused no mciease m ammo nitrogen Bang (3) found no mciease m the 
blood ammo mtrogen level of rats fed leucine by mouth Johnston and 
Lewis (4) working with rabbits found inci eased blood amino nitrogen levels 
following glycine, oL-alanme, and glutamic acid feeding but no change 
followmg aspartic acid, argmine, and lysme feedmg Shambaugh, Lewis, 
and Tourtellotte (5) gave 1 gm of tyrosme and 0 91 gm of phenylalamne 
per kilo to rabbits and found no use m the ammo acid nitrogen of the blood 
at any period, although an increase m phenol content was noted Kmg and 
Rappaport (6) injected tyrosme intravenously and found that 95 to 98 per 

* A portion of this study was supported by a grant from the Nutntion Foundation 
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BLOOD AMINO ACIDS 


cent disappeared within 5 mmutes They indicated that this rapid decrease 
was due to disappearance into the tissues, since no increase in blood uiea or 
unnary nitrogen sufficient to explain the loss was found Friedberg and 
Greenbeig (7) recently showed that intravenously administered ammo 
acids are rapidly removed from the blood plasma, but at different rates 
They also foimd that the mjected amino acids were concentiated at dif- 
ferent rates by the various tissues exammed 

EXPERIMENTAL 

Method 

Foul dogs were used for the senes of experiments Dog 1, a female, 
weighed 9 0 kilos, Dog 2, male, weighed 12 kilos. Dog 3, male, weighed 12 
kilos, and Dog 4, male, weighed 8 7 kilos The dogs were fasted for 21 
hours previous to the experimental day A 45 cc sample of blood was re- 
moved from the femoral arteiy withas 3 amge contammg hepann The ammo 
acid was then given by stomach tube m a neutralized solution or suspension 
At mtervals of 60, 180, 300, and 1440 mmutes, additional blood samples 
were removed A 2 week rest mteiwal was allowed before the dog was used 
again The doses were given at the levels mdicated in Tables I to VI 
All experiments weie done at least twice, although only t)^ical data from 
one experiment are reported 

The plasma was analyzed foi the various ammo acids by the procedures 
previously described for tryptophan, leucine, isoleucme, vahne, argmme, 
phenylalamne, tyrosme, histidme, and lysme (8) Thieomne andmethio- 
nme were determined with Streptococcus faecahs ivith the media of Stokes 
et al (9) Cystme was determmed ivith Leuconostoc mesmteroides P-60 
with Medium D descnbed by Dunn et al (10) 

Observations 

The plasma levels of leucme, isoleucme, threomne, and vahne are found 
to nse rapidly following ingestion of the dose, reachmg a maximum in about 
GO mmutes, as shown m Tables I and II After 24 hours the plasma levels 
are only shghtly above normal for these ammo acids When the leucme 
level IS high, theie is a fall in the level of all of the othei ammo acids 
cystme, histidme, lysme, and tryptophan When isoleucme is fed, t e 
plasma level of aigimne falls shghtly, piobably not significantly, wMe a 
of phenylalamne, tyrosme, and vahne falls sigmficantly The levels o 
other armno acids show no marked change The high plasma ° 
threomne and vahne reached foUowmg mgestion of these ammo aci s 
not appear to affect the level of the other ammo acids in the plasma 
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T.ABrt I 

liJiil oj I iiijL-tilion by Dogi> of Lcuciiic and Isoleucme on 
Free linino Icids of Blood 

I 111, V ilucb ire rLportciI in mierogranis pci cc of plasma Throughout the tables 
the bold f icLil figures emphasize the blood level of ingested aimno acids 


Time 

after 

dose 

Argi 

nine 

tine 

HisU 

dine 

Iso 

leucine 

Leucine 

sine 

Mcthio 

nine 

Phenyl 

alanine 

Three 

nine 

TrjTJto- 

phan 

Tyro 

sine 

Valine 







Dog 

2 

L Leucine, 0 28 

gm per 

ulo 








mtn 

























0 

35 

1 

11 

7 

17 

4 

19 

4 

39 

2 

29 

4 

14 

3 

25 

0 

31 

2 

14 

1 

17 

7 

40 

5 


28 

8 

9 

6 

13 

8 

9 

6 

334 


27 

6 

7 

7 

13 

0 

26 

7 

12 

0 

7 

5 

27 



16 

2 

9 

0 


3 

8 

6 

168 


20 

9 

5 

3 

11 

9 

17 

7 

11 

1 

6 

El 

16 

Q 


15 

9 

10 

5 

12 

6 

11 

7 

86 


Ell 

6 

7 

5 

15 

2 

IS 

8 

13 

2 

7 

8 

Eil 

1 


22 

5 

12 

G 

12 

G 

22 

7 

61 

1 

30 

6 

10 

5 

14 

1 

25 

0 

12 

6 

10 

8 

38 

9 







Dog 4 


DL Isoleucme 

, 0 56 gm 

per kilo 







0 

45 

9 

G 

6 

12 

6 

14 

3 

20 

6 

29 

7 

8 

6 

16 

7 

18 

0 

10 

5 

9 

3 

24 

2 

GO 

38 

4 

8 

1 

11 

4 

306 


15 

5 

23 

1 

7 

0 

9 

0 

15 

8 

8 

7 

3 

3 

17 

1 

180 

30 

9 

6 

9 

9 

6 

183 


13 

4 

25 

7 

5 

9 

10 

5 

15 

2 

9 

6 

4 

2 

14 

0 

300 

33 

3 

7 

8 

9 

3 

116 


13 

9 

28 

8 

6 

5 

11 

4 

14 

0 

9 

3 

3 

9 

14 

7 

1440 

33 

0 

9 

0 

9 

6 

29 

3 

25 

7 

31 

7 

S 

9 

14 

3 

18 

2 

9 

9 

6 

0 

32 

0 


Table II 

Effect of Ingestion by Dogs of Threonine and Valine on Free Amino Acids of Blood 


The values are reported in nucrograms per cc of plasma 


Time 

after 

dose 

Argi 

nine 

Cys 

tine 

Histi 

dine 

Iso 

leucine 

Leueme 

Lysine 

Methio- 

nine 

Phenyl 

alanine 

Threo- 

nine 

Trypto 

phan 

Tyro- 

sine 

Vahne 







Dog 3 

DL-Threomne 

0 56 

gm 

per kilo 







mtn 

























0 

24 

6 

5 

4 

10 

5 

19 

4 

23 

3 

21 

6 

10 

5 

12 

6 

18 

5 

8 

7 

10 

5 

21 

0 

60 

21 

0 

5 

7 

10 

2 

14 

3 

19 

8 

15 

0 

9 

2 

9 

9 

653 


8 

1 

7 

5 

19 

8 

180 

19 

2 

6 

9 

10 

2 

13 

8 

21 

5 

17 

6 

9 

2 

10 

5 

268 


7 

2 

9 

0 

19 

7 

300 

21 

6 

6 

6 

9 

9 

14 

8 

21 

9 

20 

4 

9 

9 

11 

4 

193 


7 

5 

10 

2 

18 

2 

1440 

22 

8 

7 

8 

8 

5 

16 

0 

22 

5 

24 

2 

8 

9 

10 

2 

54 

0 

5 

7 

8 

7 

20 

4 








Dog 

4 

DL-Valine, 0 56 

gm per kilo 








0 

44 

1 

7 

8 

9 

9 

18 

2 

32 

4 

28 

6 

8 

4 

12 

5 

23 

0 

10 

8 

9 

6 

28 

8 

60 

42 

9 

7 

5 

9 

8 

14 

7 

27 

8 

25 

9 

8 

2 

10 

5 

19 

4 

10 

2 

7 

2 

623 


180 

37 

5 

6 

6 

9 

0 

14 

6 

25 

8 

Eg 

3 

8 

0 

8 

7 

23 

3 

9 

3 

6 

3 

548 


300 

38 

7 

7 

5 

8 

4 

19 

5 


8 

21 

3 

8 

4 

9 

6 

20 

0 

10 

5 

6 

7 

488 


1440 

38 

7 

9 

a 

7 

1 

24 

0 

33 

3 


3 

9 

2 

9 

6 

18 

0 

9 

6 

7 

2 

72 

2 
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BLOOD VMINO ACIDS 


Table III shows the lesults of feeding L-aigmine, L-histidme, and m 
tiyptophan When aigmme is ingested, the tyiosme level may be seen to 
fall shghtly, while no othei ammo acid is affected, even though the plasma 
level of aigmme mci eases about 17 times When the same quantity of 
histidine is given, the histidine level uses about 100 times Despite this 


T1.BLB III 


Effect of Ingestion by Dogs of Argimne, Hishdme, and Tryptophan on FreeAmtno 

Acids of Blood 


The values are reported in micrograms per ec of plasma 


Time 

after 

dose 

Argi 

nine 

Cys 

tine 

Histi- 

dine 

Iso 

leueme 

Leucine 

Lysme 

Methio 

nine 

Phenyl 

alanine 

Threo 

nme 

Trypto 

phan 

Tyro- 

sine 

Valme 



Dog 1 

L-Argimne, 0 56 gm per 

kilo 




til in 













0 

17 7 


12 3 

13 7 

16 7 

19 7 


10 4 

32 9 

6 3 

6 8 

230 

60 

297 


11 1 

10 6 

12 2 

23 3 


8 6 

34 8 

6 3 

4 2 

23 4 

120 

183 


12 3 

13 9 

17 2 

18 0 


9 2 



5 1 

2o » 

300 

78 0 


10 0 

15 8 

17 7 

18 0 


8 7 

28 5 

5 0 

4 2 

27 a 

1440 

25 0 


10 0 

20 0 

21 8 

22 3 



38 1 

5 7 

69 

344 



Dog 1 

L-Histidme, 0 56 gm per kilo 




0 

24 6 


10 8 

15 S 

16 4 

16 4 


9 2 

27 6 

5 7 

69 

21 0 

60 

28 8 


1160 

17 6 

19 8 

26 6 


8 9 

40 5 

7 5 

6 3 

23 9 

120 

18 6 


338 

16 4 

16 5 

15 6 


9 0 

31 7 

8 0 

5 7 

33 2 

300 

21 0 


97 6 

19 4 

20 9 

19 5 


10 5 

33 6 

6 3 

6 0 

29 9 

1440 

26 4 


13 2 

24 8 

27 5 

25 0 


13 0 

40 7 

6 9 

6 3 

23 0 


Dog 3 DL-Tryptophan, 0 56 gra per kilo 


0 

34 

5 

8 

1 

9 

s 

11 

8 

12 

0 

22 

2 

8 

0 

13 

0 

11 

7 

8 7 

60 

28 

2 

5 

1 

9 

6 

11 

4 

12 

2 

19 

8 

8 

0 

9 

8 

11 

3 

no 

120 

28 

5 

6 

0 

S 

7 

15 

2 

15 

2 

19 

S 

7 

4 

11 

5 

10 

8 

164 

300 

27 

9 

5 

4 

8 

7 

13 

0 

15 

3 

18 

3 

7 

7 

9 

5 

10 

5 

96 

1440 

32 

7 

7 

2 

8 

4 

14 

6 

15 

5 

28 

7 

8 

3 

12 

6 

12 

5 

10 6 


7 8 15 a 
6 9 16 0 

8 4 ISO 

7 2 in 

7 8 ISO 


inciease in the plasma histidine, theie is no effect on the level of any ot er 
ammo acid Tiyptophan ingestion, similarly, is without effect on an} 
othei ammo acid level, although the tryptophan content of the p asma 

IS mci eased about 10 times .j 

When DL-methionme is given, as shown m Table IV, the leve o 
nme in the plasma goes up and lemains high, even aftei 24 hours, w ic 
not found to be the case with the othei ammo acids As a lesu ° 
plasma level of methionine, there is a lowering of the plasma eve 
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1 VBLE IV 


1 ffccl of Ingtsiioii by Doy of MUluoninc and Cij'tlini. on Free \.inino icids of Blood 
The V lilies an, reported la niitrogr mis per ci of pi isai i 


Time 

a(lcr 

(lose 

\r8i 

nine 

C>b 

tint 

dine 

Uo 

Icuctnc 

LLUcinc 

I >Mnc 

Afcthio 

time 

Phtnyl 

alanine 

Threo- 

nine 

Trypto 

phan 

Tyro- 

sine 

VaUnc 




Dog 1 1)1 Methionine, 0 56 gm per kilo 




min 













0 

42 b 

14 7 

11 1 

17 7 

33 5 

24 3 

16 4 

19 2 

31 2 

24 3 

12 0 

27 2 


39 0 

20 4 

15 3 

9 3 

20 0 

20 6 

756 

11 3 

33 3 

19 8 

10 7 

19 5 


32 1 

15 0 

11 1 

7 5 

14 1 

18 9 

700 

11 3 

27 9 

16 5 

8 7 

16 2 


32 9 

13 5 

13 S 

9 0 

20 1 

25 0 

597 

11 7 

29 1 

15 3 

8 4 

16 0 

1440 

37 2 

23 1 

11 1 

14 7 

20 0 

34 5 

429 

13 5 

28 9 

15 3 

9 3 

22 4 


Dog 1 L Cystine, 0 56 gm per kilo 


0 

38 

7 

12 

7 

19 

5 

21 

0 

35 

4 

35 

7 

15 

6 

11 

4 

25 

5 

14 

1 

20 

1 

28 

0 

60 

31 

6 

12 

9I 

IS 

7 

20 

1 ' 

34 

1 

31 

2 

14 

8 

11 

0 

22 

1 

12 

0 

19 

1 

27 

5 

ISO 

32 


13 

8 

16 

8 

00 

2 

34 

7 

29 

7 

14 

8 

11 

6 

20 

9 

9 

0 

16 

8 

29 

0 

300 

26 

ll 

13 

8 

16 

5 

19 

8 

28 

5 

27 

0 

13 

2 

9 

6 

18 

9 

7 

5 

i 14 

7 

27 

9 

1440 

27 

0 

19 

6 

15 

3 

20 

0 

41 

6 

34 

3 

15 

4 

13 

7 

27 

0 

12 

0 

23 

4 

28 

7 


Table V 

Effect of Ingeslton by Dogs of Phenylalanine and Tyrosine on Free Ammo 

Acids of Blood 


The values are reported in terms of imcrograms per cc 


Time 

after 

dose 

Argi 

nine 

Cys 

tme 

Histi 

dine 

Iso- 

leucme 

Leucine 

Lysme 

Metbio 

nine 

Phenyl 

alanine 

Threo 

nine 

Trypto 

phan 

Tyro- 

sme 

Valme 






Dog 4 

DL-Phenylalamne, 0 56 gm per kilo 






mm 
























0 

52 

2 

9 


13 

8 

19 

El 

12 

0 

22 

5 

12 9 

16 

0 

22 

7 

7 

8 

14 

2 

24 

El 

60 

48 

3 

nil 

5 

15 

3 

14 

6 

13 

El 

ma 

1 

12 3 

49 

2 

22 

2 

6 

9 

71 

4 

28 

4 

180 

33 

6 

10 

8 

15 

El 

21 

9 

16 

8 

18 

9 

13 4 

28 

4 

16 

8 

8 

1 

24 

6 

27 

El 

300 

29 

1 

9 

6 

14 

7 

27 

El 

14 

El 

18 

3 

13 7 

24 

6 

16 

9 

■ni 

8 

16 

5 

21 

2 

1440 

48 

0 

9 


12 

8 

32 

0 

12 

9 

24 

B 

14 1 

19 

1 

27 

9 

9 

a 

12 

3 

23 

2 







Dog 

1 

L Tyrosine, 

0 56 gm per kilo 








0 

47 

1 

4 

7 

15 

0 

22 

0 

34 

8 

28 

8 

11 3 

15 

2 

22 

0 

17 

4 

16 

5 

35 

9 

60 

45 

9 

5 

1 

14 

7 

22 

1 

25 

4 

28 

8 

11 7 

12 

2 

21 

b 

20 

4 

78 

0 

30 

0 

180 

44 

1 

5 

4 

15 

3 

24 

5 

28 

3 

30 

8 

12 2 

12 

6 

IS 

6 

19 

2 

97 

6 

32 

3 

300 

36 

9 

5 

4 

15 

0 

26 

8 

28 

9 

34 

9 

10 8 

12 

3 

20 

7 

17 

1 

60 

0 

33 

8 

1440 

45 

9 

6 

5 

12 

3 

24 

9 

30 

0 

35 

5 

11 1 

14 

1 

18 

3 

IS 

5 

12 

9 

31 

2 
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leucme, phenylalanine, tyiosme, and vahne Arginine and tiyptophan 
show more variable changes Despite the high level of methionme, there 
IS no increase m the cystine level , 

The same dog given the same amount of L-cystme as DL-metliiomne 
demonsti ates no mai ked use in the plasma cystine level The levels of the 
othei ammo acids also do not appeal to be affected This is also shown m 
Table IV 

Table V demonstrates the lesults of feeding DL-phenylalanine and L-tyro 
sme When phenylalanine is given, the phenylalanine plasma level rises 
lapidly, while simultaneously theie is an inciease m the tyrosine level No 
othei ammo acids aie affected When tyrosine is given, the tyiosme level 
uses without affecting that of phenylalanine oi any othei ammo acid 

DISCUSSION 

The plasma level of all of the ammo acids given, except cystme, was found 
to use sigmficantly follmvmg mgestion of the coriespondmg ammo acid 
Usually the maximum level was i cached in about 60 mmiites and was fol 
lowed by a declme Aftei 24 horns the level was usually very close to 
noimal Following methionme mgestion, howevei, even after 24 houra, 
the level was still many times above normal 
'When the leucme, isoleucme, and methionme plasma level lose owmgto 
mgestion of the respective ammo acid, the plasma level of ceitam other 
ammo acids fell Table VI shows the lesuIts of assay of a 24 hour sample of 
urme excreted by a dog following a dose of L-leucme compared to the 
assay of a previous sample of uime after a 24 houi fast There is no in- 
ci eased excietion of any ammo acid except leucine, so that increased loss in 
the urme does not appeal to be the explanation foi the drop in the plasma 
ammo acid levels of aigimne, isoleucme, methionme, phenylalanine, 
threomne, tyrosine, and vahne It may be that the same ammo acid 
oxidase or deaminase is involved and that when the organism metabohzes 
the laige amount of leucme, foi example, the othei ammo acids are also 
lemoved from the plasma It is also possible that certain equihbria must 
be maintained which aie disturbed by the mci eased amount of the singe 
ammo acid, resulting in a shift of the ammo acids fiom the plasma ® 
tissues Studies with tissue slices would probably help to answei t is 

question . , 

Phenylalamne when ingested causes a use m the plasma tyiosme e\ 
simultaneously with the mci eased phenylalamne level, indicating c 
lapidity with which this well lecogmzed conversion occuis T^osine, as 
might be expected, does not have any effect on the phenylalamne leve 
Ingestion of methionme, which is piesumably one source of 
the body, does not cause an increase m the plasma level of cystine 
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not surprising, however, when it is noted that ingestion of a large dose of 
cystine docs not cause the plasma level of cystine to use Piesumably, the 
organism can lapidly remove the cystine fiom the plasma either by excre- 
tion, conversion, oi storage Metluomne, on the other hand, appears to be 
difficult to metabolize, since the plasma level i emains high for a much longer 
period following methionine ingestion than with any other ammo acid 
studied 

Brown and Lewis (11), using rabbits, found that the moigamc sulfate 
content of plasma ultrafiltrates mcreased more rapidly after ingestion of 
cystme than after methionine The organic sulfur reached a higher level 
and remained high longer after methionine than after cystme Pine (12) 
observed that methionine foims sulfate more slowly than cystme when incu- 
bated -with tissue shces The rate of absorption fiom the intestinal tract is 


Table VI 

Effect of 0 56 Gin per Kilo of h-Leucine on Urine Excretion of Ammo Acids {Dog 3) 
The values arc reported m terms of mg excreted per 24 hours 



Arginmc 

Cystine 

Histidmc 

IsoIcucinc 

Leueme 

0 

a 

1 : 

0 

5 

§ 1 
•3 ! 

a> 

Phenylalanine 

Threonine 

Tryptophan 

Tyrosine 

u 

a 

Urine volume 

Preceding 

16 5 

1 

26 4 ' 

1 

2 0 

0 

1 5 

6 0 

3 0 

2 3 

4 0 

15 0 

1 5 

0 13 

cc 

195 

dose 

Following 

16 2 

21 3 

1 6 

0 

3 0 

3 9 

2 5 

1 4 

3 0 

11 8 

1 1 

0 13 

175 

dose 






j 









probably not a factor m explaimng the diffeience in behavior between cys- 
tme and methiomne smee Chase and Lewis (13) found the rates to be 
approximately the same for both substances 

suaiaiARY 

The plasma level of aigmine, histidme, isoleucine, leueme, methionme, 
phenylalanine, threonine, tiyptopKan, tyrosine, and valine rose when the 
corresponding ammo acid was given by gavage to dogs Leueme, iso- 
leucme, and methiomne when at a high level in the plasma caused a fall in 
the level of certain other amino acids The tyrosine level was found to 
use in the plasma when phenylalamne was ingested, while the reverse did 
not occur Although the methionme level of the plasma rose to a marked 
extent after feeding methionme and was mamtamed for at least 24 hours, the 
cystine plasma did not increase because of this In fact, mgestion of an 
equivalent amount of cystine caused no rise in the cystine plasma level 
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VMINO ACIDS IN PLASMA 

A ConRECTION 

By BENJMIIN ALEXANDER 

(i> rom the Medical Research Laboratory, Beth Israel Hospital, and the 
Department of Medicine, Harvard Medical School, Boston) 

(Received for publication, September S, 1947) 

In a leceut publication on glycine and alanine in blood (1) we refen ed to 
work by Hiei and Bergeim (2) on the concentrations of ten other ammo 
acids fiom winch we calculated that they compiised 76 per cent of the free 
a-amino acid N of plasma Oui attention has been called by Hiei to a 
basic eiior in oui calculation in which we computed total mtiogen instead of 
a-amino N Accoidingly, we wish to express our regret that this eiror 
occuiied, and oui gratitude foi the opportunity to rectify it 
On the basis of this collection the ten amino acids leported by Hier and 
Beigeim (2) compiise 47 pei cent of the total a-amino acid N of human 
plasma If to this is added 24 pei cent in the form of glycine plus alanme 

(1) and 18 to 25 pei cent in the foim of glutamine (3), we can account foi 
89 to 96 per cent of the free a-amino N Smee, as pointed out by Hiei,^ 
cystme plus methionme compiises an additional 5 pei cent approximately, 
only a small amount lemains to be accounted for in the form of cysteine, 
hydroxyproline, prohne, and aspartic acid The concentrations of the 
lattei two m plasma are said to be neghgible ^ 

It IS, therefoie, appaient that our infeience that the values for the free 
amino acids m plasma determined miciobiologically by Hiei and Beigeim 

(2) are erroneously high is incoirect in view of the revised calculations 
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LNPEULMENTAL 

Prepanilwii of Piaijicd Tobacco Mosaic Virus — Seveial lots of punfied 
tobacco luobuc \iuis, piepaicd by chemical as c\ell as by centiifugation 
methods descnbed eaibci (14, 15), ^\ele made duimg the course of seveial 
mouths ind comlimed The white fluff j' mateiial, containing about 8 pei 


Tabll I 


Com poi,i lion of Cabcin and of Tobacco Mosaic Virus 


Chunical constituent 

1 Casein 

j Tobacco mosaic virus 

Per cent 
by weight* 

Per cent by weightf 

Bibliographic reference No 

Vlamne 

5 5 

2 4(i),5 1(6) 

(17,21) 

tmide nitrogen as NHj 


1 9 

(17) 

Vrginine 

4 3 

8 5-9 2 (i) (c), 0 8 (6) 

(15, 17-19, 21) 

tapartic acid | 

6 1 

2 4-2 8 (i), 13 5 (6) 1 

(17, 21) 

Cysteine and cystine 

0 35 

0 60-0 76 (6) (c) 

(14, 21) 

Glut imic acid | 

23 3 

5 1-5 5 (i), 11 3 (6) 

(17, 21) 

Glycine 

0 5 

0 0 (i) (c), 1 9 (6) 

(15, 17, 21) 

Histidine 

2 1 

0 0 (6) (c) 

(15, 17-19, 21) 

Hydro\yproline 

? 

3 3? 

(15) 

Isoleucint 

6 3 

6 6 (6) 

(21) 

Leucine 

9 7 

6 1 (i), 9 3 (6) 

(17, 19, 21) 

Lysine 

7 6 

1 47 (b) 

(18, 19, 21) 

Methionine 

3 4 

0 0 (t) (6) 

(14, 19, 21) 

Nucleic acid 


5 8 (t) 

(13) 

Phenylalanine 

5 0 

5 6-6 7 (c), 8 4 (6) 

(15, 16, 19, 21) 

Proline 

7-8 

4 2-4 7 (i) (c), 5 8 (6) 

(15, 17, 21) 

Serine 

7 7 

6 4 (c),7 2 (6) 

(15, 21) 

Threonine 

3 8 

5 3 (c), 9 9 (6) 

1 (15, 19, 21) 

Tryptophan j 

1 2 

1 9-4 6 (c), 2 1 (6) 

(15, 16, 19, 21) 

Tyrosine ' 

6 7 

i 3 8 (c), 3 8 (6) 

(15, 16 20, 21) 

Valine j 

6 5 

3 9 (i), 9 2 (6) 

(17, 19, 21) 


* Ha^\k, P B , Oser, B L , and Sununaerson, W H , Practical physiological chem 
istry, Philadelphia, 12th edition, 109 (1947) 

t i, b, or c indicates determination was by isolation, microbiological, or colon 
metric method, respectively 


cent moistuie and obtamed following dialysis against distilled watei and 
diying fiom the frozen state, was the same as that used m various studies 
on the amino acid content of the virus Followmg drying from the frozen 
state, about two-thirds, by weight, of the viius pieparation was found to be 
insoluble in 0 1 m phosphate buffei at pH 7 The remainder v as soluble in 
this solvent and on e\ammation by means of an election microscope was 
ound to consist of lods 15 mg in width and 280 mg or less in length A 
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NUTRITH'^E V\LUB OF TOBiCCO MOS4JC VIRUS 


Rat 2664 leceived Diet II containing 20 pei cent of vims, but without 
any ammo acid supplementation Although consideiahle iveight loss 
occupied, the 1 at sunuved foi the expeiimental peiiod of 47 days, at the end 
of which time it w as saciificed T\\ o control animals. Rats 2661 and 2662, 
gieiv at a satisfactory’’ late on Diet I, m which casein ivas substituted for 
the vnus as the souice of piotem 

The ammo acids piesent m tobacco mosaic viius aie utilized bv the 
white lat foi giowth 

This ^ HUS at a level of 20 pei cent of the diet supplies all of the ammo 
acid requii ements foi gi ow th except foi histidme, methionine, and lysme 
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AX ACETYLCHOLINE COIVIPLEX IN NERVOUS TISSUE 

Sirt, 

It h IS been obseived by a uumbei ot luvestigatois that the acetylcholine 
(Ach) activity of alcohol extiacts of neive tissue increases upon boihng 
The significance ot this finding has lecently been studied m detail by N 0 
Abdon and his associates ‘ Then experiments, concerned primarily ivith 
skeletal muscle, led them to conclude that Ach is noimally piesent m lesting 
muscle in the foim of an inactive complex, which leleases fiee Ach when 
the muscle functions During the lecoceiy phase the fiee Ach is laigely 
remqved by direct lesynthesis into the complex rathei than by esteiase 
hydiolysis In studjung the properties of the complex, Abdon found that 
it could be piecipitated as the baiium salt, that it vas unstable to boiling 
or stiong acids, maximally stable at about pH 4, soluble in water oi alcohol, 
and insoluble in ethei oi acetone He was able to separate the complex 
from active Ach in alcohol extiacts by precipitating it in acetone 

Since this iioik was done on skeletal and cardiac muscle, mth only one 
experiment on nervous tissue, we attempted to extend the observations to 
the brain and sciatic nerves of rats We weie unable to achieve a complete 
separation of the complex from active Ach, although we succeeded in ob- 
taimng an acetone precipitate which had a high Ach activity after boihng 
The complex was piesent in two experiments on biain tissue, and in three 
experiments on peripheral nerves Eight other experiments were incon- 
clusive The total amounts of Ach obtained by the cold extraction pro- 
cedure of Abdon were generally comparable to the amounts obtained by the 
usual methods of eseiimzed Ringei extinction of unfrozen tissue 

In the couise of this woik we found that it is necessary to prevent any 
thawing of a frozen tissue until complete inactivation of the esteiase has 
been achieved \Wien the tissue can be homogemzed in —70° alcohol m a 
Waring blendoi, this presents no serious pzoblem, but unusual precautions 
must be taken to mimmize Ach loss when frozen tissue is to be extracted 
ivith an aqueous solution Frozen lat biain plunged into Ringer’s solution 
at about 90° yielded no detectable Ach (deteimmed by bioassay on the 
ventricle of Venus mmcenana), plunged into briskly boihng Ringer’s solu- 

1 Abdon, N O, Ic/a ji/iarmucof ,1,325 (1945) Abdou, N O , and Hammarskjold 
S O , Acta pivjstol Scand , 8, 75 (1944) 
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tion, it yielded 0 8 7 of Ach pei gm of tissue and ground to a powder m a 
mortar packed in solid CO2 and then plunged into boiling Rmgei’s solution, 
it yielded 2 1 7 of Ach pei gra Fiozen brain giound in eseimized acid 
Ringer’s solution at 25° yielded only 0 4 7 of Ach per gm For compaiison, 
the Ach content of fiesh lat brains, as leported m the liteiatuie, langes fiom 
about 0 7 to 3 7 of Ach pei gm Fiozen beef biains, extiacted with eseriii- 
ized Ringer’s solution at loom tempeiatuie, gave only 0 05 and 0 01 7 of 
Ach pel gm m two expeiiments The values usually given foi the Ach 
content of beef brain lange fiom 0 2 to 0 9 7 of Ach pei gm Since ue have 
shoivn that considerable Ach S3mthesis duiing the e\tiaction pioceduie 
may complicate Ach deteimination on fiesh neivous tissue,'’ it would 
be of value to establish a satisfactoiy technique for extiacting Ach in an 
aqueous solution fiom frozen tissues 

Biological Laboratories •! H Welsh 

Harvard Universtly ^1 Pra.juo\sei 

Cambridge 

Received foi publication, October 10, 19-17 * 


^ Prajmovsky, M , and Welsh, J H , / Ncurophysiol , m press 



THE iVNESMIA-PRODUClNG PROPERTIES OF a-MIINO-e- 
HYDROXYCAPROIC ACID 


Sirs 

In the course of a new synthesis of lysine, a-amino-e-hydroxycaproic 
acid was isolated as an intermediary compound ^ It was shown that it 
could not replace l 3 rsine m the diet of rats and that it was probably toxic 
Upon pubhcation of these ongmal findings,- Dr Richard J Block drew our 
attention to the probable identity of this compound with the anenua- 
producing factor known to exist in deamimzed casein » This was investi- 
gated 

In a first experiment, twenty-one male rats averaging 90 gm in body 
weight were put on the following diet zein 17 4, DL-tryptophan 0 4, soy 
bean oil 4 0, salts 4 0, cerelose 72, and Cellu flour 2 0 gm per cent 100 
gm of ration contained thiamme HCl 0 4, riboflavin 0 5, p 3 Tidoxine HCl 
0 5, calcium pantothenate 3 0, mcotimc acid 3 0, 2-methyl-l,4-naphtho- 
qmnone 0 1, inositol 10, and chohne chlonde 150 mg After 10 days, the 
rats were divided into three groups Group I received 1 5 per cent a- 
amino-€-hydroxycaproic acid and Group II received 1 5 per cent dl- 
lysine, these changes being made at the expense of the cerelose, Group III 
remamed on the basal ration 2 weeks later average hemoglobin values 
were 8 8, 14 2, and 13 5 gm per 100 mi of blood, respectively Bed blood 
cell counts were as follows Group I, substituted lysme 2,880,000, Group 
II, DL-lysine 7,790,000, and Group III, no lysme 7,700,000 Body weight 
changes dunng these 2 weeks were —14, +36, and — 8 gm , respectively 

In a second experiment, 18 per cent casein was substituted for the zein- 
tryptophan fraction of the previous ration and the aminohydroxycaproic 
acid content was lowered to 1 per cent Sixteen rats were put on this diet 
and ten on a control ration After 17 days, the experimental rats showed 
an average hemoglobm value of 10 8 gm per cent and a red blood cell 
count of 5,610,000 per c mm , as compared with 13 5 and 8,360,000, respec- 
tively, for the control rats 

The experimental rats were then divided mto four groups, one of them 
remaimng on the previous ration and the other three receiving 1 per cent 
of a hver concentrate 1 20, 1 per cent L-lysme, and daily injections of 100 
7 of fohc acid, respectively None of these corrective measures proved 
successful Average values, 2 weeks later, were hemoglobm 5 5 gm , red 
blood cells 4,550,000 per c mm , and red blood cell volume 26 per cent The 

^ Gaudry, R , to be published 

- Gingras, R , Pag6, E , and Gaudry, R , Science, 106, 621 (1947) 

’ Hogan, A G , Powell, E L , and Guerrant, RE,/ Biol Chem , 137, 41 (1941) 
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possibility lemains, howevei, that a favorable response might have been 
obtained with a lessei amount of the to\ic compound m the ration 
While these experiments weie m progress, Dr Charles E Dent, who had 
asked for a sample of a-amino-e hydroxycaproic acid, kmdly infonned us 
that its paper chromatogram was the same as that of a substance he had 
isolated from deaimmzed casein It thus appears that the compound \ie 
have studied is responsible for the anenua produced m rats fed deaminized 
casein On the other hand, we have failed to observe any anenua in rats 
mamtained for 24 days on a lysme-free ration This is m contrast to the 
findings of Hogan et al ® and of Gillespie, Neuberger, and Webster,^ but 
IS probably due to the short duration of our experiment 

Department of Biochemistry 
Medical School 
Laval University 
Quebec, Canada 

Received for publication, October 24, 1947 

* Gillespie, M , Neuberger, A , and Webster, T A , Btochem J , 39, 203 (1945) 
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THE INVOLVEMENT OF COENZYME A IN ACETATE 
OXIDATION IN YEAST^ 

Sirs 

Recently, a participation was leported of the pantothenic acid deiivative, 
coenzjnne A (Co A), in enzymatic acetylation' and in pyiuvic acid oxida- 
tion - At this stage the exploiation of acetate breakdown in yeast seemed 
promising, as the early w'oik by Roger Williams and his collaborators® 
indicated already in geneial a function of pantothemc acid m carbohydrate 
metabolism Saccharomyces cerevisiae, strain LK2G12, obtained from Dr 
John Reiner, Washington Umversity, was used in the present work The 
followung procedure w'as adopted Samples of pantothemc acid-deficient 
yeast w'eie divided into two parts Both were aerated m a glucose-phos- 
phate medium for H hours, with and without pantothemc acid, and washed 
twice with w'ater The pantothenic acid-treated yeast contained now 
around 400 umts per gm of dry weight of Co A against 100 to 150 umts in 
the deficient sample 


Substrate 

Tune 

Pretreated with panto- 
thenate and glucose, Co A 
370 y per gm 

Pretreated with 
glucose alone, Co A i3o 
y per gm 

Ox 

consumed 

Acetic acid 
rcmammg 

0 

consumed 

Acetic acid 
remaining 


mxn 

mtcrohlcrs 

mtcromoles 

mtcroUters 

micromoles 

Acetic acid, 20 micromoles 

40 

137 

15 7 


16 6 

added at time 0 

100 

382 

9 8 

284 

13 3 


165 


0 1 

417 

10 5 

Ethanol, 20 micromoles 

40 

172 

4 1 


4 8 

added at time 0 

100 

531 

4 4 


8 0 


160 

814 

0 0 

443 

11 5 


Each vessel contained 43 mg of dry weight cells in 3 ml of 0 02 ii ICH 2 PO 4 , air as 
gas phase, temperature 37° 


It appears that the high Co A yeast respired acetate and ethanol about 
tw ice as fast as the deficient sample Acetate determination'* showed fur- 
thermore that, at a time when all the acetate was used in the high Co A 

* This work was supported by a grant from the Commonwealth Fund 

1 Lipmann, F , Kaplan, N O , Novelli, G D , Tuttle, L C , and Gmrard, B M , 
J Biol Chem , 167, 869 (1947) 

* Novelli, G D , and Lipmann, F , Arch Btochem , 14, 23 (1947) 

“ Wdliams, R J , Mosher, W A , and Rohrman, E , Biochem J , 30, 2036 (1936) 
Teague, P C , and Williams, R J , / Gen Physiol , 25, 777 (1942) 

*■ Acetate ■was determined by an unpublished enzymatic micromethod, applying 
the liver system for sulfanilamide acetylation (Soodak, M , and Lipmann, F ) 
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yeast, only about half of it had disappeared m the deficient yeast With 
ethanol as a substrate, more than half its equivalent accumulated as acetic 
acid in the deficient yeast, while only transient accumulation was observed 
in the Co A-nch sample Less accumulation of acetate occurred with 
glucose m deficient yeast The eiqierunents support the view that Co A 
IS concerned with the primary attack on acetate, presumably the condensa- 
tion with oxalacetate 

Biochemical Research Laboratory G David Noveuu 

Massachusetts General Hospital Fbitz Lipuanv 

Department of Biological Chemistry 
Harvard Medical School 
Boston 

Received for publication, October 9, 1947 



IIIE IN VIVO OXIDATION OF URIC ACID' 


Siri> 

We ha\ e fed uiit icicl, 1 ibeled with isotopic nitiogen in the 1 and 3 posi- 
tions, to bhciman sti iin i its it a level of 249 mg pei kilo of body v eight 
pel day foi 3 d lys incl have found that, as in the case of adenine labeled 
in the 1 ind 3 positions,* theie lesults a unifoim distiibution of the isotopic 
nitiogen between the hydintoin and the iiiea moieties of the uimaiy al- 
lantoin foimcd This demonstiates foi the in vivo oxidation of uiic acid a 
mechanism involving i symmetrical mteimediate,- and a paiallehsm to the 
in vilro oxidation with alkaline peimanganate The negligible concentia- 



Atom per cent 
excess 

Calculated on 
basis of 100 per cent 
m uric acid fed 

Uric acid (dietary) 

16 0 

100 

Copper purines (viscera) 

0 000 

0 00 

Urea 

0 006 

0 04 

4.11antoin 

5 37 

33 4 

Hydantoin (derived from allantoin) J 

5 34 



tion of isotopic mtrogen found in the uiinaiy uiea shows that degradation 
of this uiic acid to eithei ammoma or uiea does not occur m the lat The 
copper purines isolated from the visceia contained no isotopic mtrogen 


Sloan Kettering Institute for Cancer Research 
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P \UL M Roll 
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j, , identifitation, Vason and Sirickler, 
U 5^3 

Prolme Groutli, effect, Womack and 
Rose, 37 
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Caster and iholelsen, 111 

— thiamine, effect, Caster and Mickel 


sen, 


111 


Reptile(s) Excretion, Khalil, 611 
Root Nodules, nitrogen fixation, iso- 
topic, Machala, Burris, and IFifsoa, 

605 


Sea-turtle Urine, nitrogen, non-protein, 
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